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There are three general types of Input and output equip¬ 
ment required for Whirlwind I. These arei 

a) Numerical 

3Gsm film will be used for Inserting and extracting 
numerical Information from the Whirlwind computer. The general 
outline of the proposed system Is given in M-73, Vol. 11. The Sastman 
Kodak Progress Report In Vol. 11 describes the actual film reader- 
recorder In more detail. Some project work has been done on automatic 
conversion on a decimal keyboard to binary numbers on the film. This 
work is described In a thesis by Up.rid J, Crawford In Vol. 12. M-157 

describes briefly some of ths requirements for an output printer. 

b) Mechanical and £leotrloal 

The first work on the conversion from mechanical and 
electrical Information to numerical Information for the computer to 
use In simulation problems was done by H. P. Stabler. His report In 
Vol. 11, entitled Reversible Binary Counter and Shaft Position 
iMlloator, describes this work. M-89 In Vol. 11 describes a simple 
mechanical to binary converter. The report R»129 In Vol. 12 Is a 
survey by H. P. Stabler of the whole conversion problem from shaft 
position to binary numbers. Some of these methods are actually con¬ 
version from eleotrlcal quantities to binary numbers and many of them 
can be reversed for converting computer output data to physical 
quantities. The project Is continuing work on these problems, 

o) Graphical 

Bo reports are given on graphical recorders. It should be 
possible to use one of the grsphloal recorders already developed by 
the Kastman Kodak Company for other purposes. 
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FILM READER-RECORDER FOR USE WITH COMPUTER 

I 

Under contract N6orl-?05 The Kastman Kodak Company is 
developing a device both for recording digital records on photo¬ 
graphic film and for reading these records. It Is proposed that 
this device shall - 

(a) Record the output from a computer. 

(b) Record the output from a typewriter keyboard used in 
the preparation of input data for the computer, 

(c) Read film records prepared by the device In a form 
suitable for lrfput to a computer. 

(d) Read the film records prepared by the device in a 
form suitable for Input to a second device of the 
same type for such purposes as duplicating films, 
preparing new program film using parts of old orogram 
film, and correcting errors that may have been made In 
preparation of a film. 

The film reader-recorder io being designed with a view 
to the widest possible anpllcatlon, but will be constructed speci¬ 
fically to meet the requirements of Project Whirlwind, Device 
a P4-X-3. This project requires that the photographic equipment 

both record and read about 500 fifty digit binary words per second. 
Positive signals for both 0's and l's will be provided by recording 
both the word and Its invert. It le hoped that a speed of 1000 
words per second can be attained. Considerable component research 
Is required to determine rates such as this. This research will 
lead to the establishing of practical values for such quantities 
as (l) spot size, (?) speed of film motion, (3) amount of light 
required. 

The Kastman Kodak Company 1s also designing and will 
build an automatic swchlne for the rapid processing of the film 
employed for number storage, "’his machine will be quite simple 
to operate. Mo darkroom facilities will be necessary for its 

use. 

Ry now breadboard models of all the circuits have been 
built and all the operations seem feasible. The mechanical and 
optical parte have been designed and are being constructed. A 
breadboard model of the recorder has been built and 8 place dig¬ 
ital Information has been recorded reliably. Much of the component 
research has bean carried out. 

We shall consider In more detail the manner In which 
data are stored on the film. Each digit Is recorded on the film 
as a rectangular spot .0?0" wide and ,010" long. If the digit le 


I 
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a "1" the spot In the line or lines reserved for the work will 
be exposed; if a "0" the spot In the line or lines reserved for 
the Invert will be exposed. See Pig. 1 and yig. 2. This partic¬ 
ular epot size was chosen as a result of experiments In which 
tracks of spots forming an endlees loop were driven millions of 
times through a gate to detect whether they could be read reliably 
by a photocell. Reading of epote smaller than .010" x .020" was 
unreliable due to dust particles sticking to tkn film and to 
scratches in the film. Such a spot size permits 50 channels plus 
timing markers to be stored across 35 nun film- Therefore, 50 
fifty digit worde plus their Inverts can be stored along one inch 
of 35 ® m fils'. Thus 60,000 fifty digit numbers can be stored 
in a small 100 ft. roll of 35 s® film. • 

At the beginning of the project various methods for 
obtaining a suitable modulated light source for recording were 
considered. Mechanical shutters were obviously too slow. Electro- 
optical shutters are inadequate and much too complicated at the 
present state of the art. The ueo of an array of discharge lamre 
was a distinct possibility, but the control system for such an 
array would be complicated. Also the life of such tubes seems 
to be questionable. The most simple and probably the most re¬ 
liable light source capable of modulation is the cathode-ray tube. 

It is possible in principle to writs many lines of data on a 
C.R.T. face and record a frame at a time. Such a procedure would 
require a film speed of 10 to 20 frames per second. This ie not 
excessive, but the precision control of the beam position in the 
vertical direction would be a difficult problem. It was felt that 
a simpler and more flexible procedure wculd be to record during 
the film motion, using a sweep so short that the film would move 
inappreciably during the recording. Preliminary experiments using 
a 5JP11 tube with 2000 V. post acceleration and coomerlcally avail¬ 
able films, Eastman Super XX, Eastman Recording Ortho, and Eastman 
Recording Pan, indicated that ample light output would likely be 
available if a 5KPH tube were used with cost acceleration of 10 
to 20 KV. More recent experiments indicate thie is true even though 
the film which will be used will be somewhat less sensitive due 
to the fact that it must stand the hot developer of an automatic 
processing machine. There is not a large margin of safety when 
a 3^ microsecond sweep is used, but the margin seems to be suffi¬ 
cient for reliable results. At the present time experiments are 
being carried out to determine the best manner in which to operate 
the tubes to obtain the most light output for our particular use. 

The fact that the duty cycle will likely be less than l/?0 can 
be ueed to advantage in obtaining more light since the decrease 
in efficiency when high beam currents are used seems to be due 
to the average power dissipated and, therefore, to the average 
current Instead of the peak current. Measurements are being made 
on a number of tubes and preliminary results indicate no serious 
differences. 
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The maximum speed of the film motion depends principally 
upon the sweep speed which can he used, since this together with 
the film speed determines the slant of a line of data across the 
film. Project whirlwind has requested that provision be made In 
the readeivrecorder for film motion In either dlreotlon (however, 
they will furnish the two dlreotlon drive whenever It Is needed,) 
Therefore, compensation for the motion of the film to reduce slant 
Is not feasible. The slant encountered In the reading and recording 
of 500 words and their inverts per second should not be at all 
serious. However, the reading and recording of 1000 words per 
second may be unreliable in the case of one of the sweep methods 
to be considered. The prototype film drive is being made to pro¬ 
vide 20 in./sec. film speed, (1000 words per second) but may be 
modified If necessary. Another much slower drive is being furnished 
for word by word reading and recording when the recorder Is used 
In the duplication of films or In making corrections In films, 

With this speed 10-20 words per second oan be read. 

Since data will likely both be furnished to the recorder 
and asked for from the reader Intermittently it Is necessary to 
start and eton the film motion as rapidly ns possible. A magnetic 
clutch will be used for this purpose. Tests already made on 
such clutches Indicate that the etopoing and starting time can 
probably be made less than 10 milliseconds and further teste will 
soon he male on an Improved design. An automatic loop former will 
be employed to reduce the load on the clutch, oepecially when 
1000 foot rolls of film are being used. The loop must be main¬ 
tained on both sides of the drive since the film must be capable 
of moving in either direction. Models of two automatic loop 
forming devices have been built, but cannot be adequately tested 
until the entire film drive mechanism is completed. One method 
involves the use of a roller on the end of a long lever whose 
position ie held within hounds by limit switches controlling a 
small servo motor. In the other method the arm position Is main¬ 
tained by a proportional aex*vo built according to suggestions of 
the H.l.T, Servo Laboratory. 

A schematic of the proposed optical system is shown In 
Fig. 3 and a schematic of the propoeed electrical circuits Is shown 
In 71g. L for the double sweep method and In Fig. 5 for the single 
sweep method. Let us first consider recording. The computer will 
have stored a number of worde, perhaps 50 or a hundred. In a set 
of special registers reserved for this purpose. The computer 
will then signal the reader-recorder to start recording. The 
signal will energize the moving member of a magnetic clutch 
attracting the armature and thus turning the drum drive which 
Is attached to It, A circular plate containing clear slits on 
a dark background Is attached to and turns with the drum drive. 

Light from a lamp is focused through these slits onto a phototube, 
giving a signal each time tho drum drive advances sufficiently 
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to permit the recording of another digit. This timing elgnal 
paesee through a limiting amplifier and starts a sweep, if the 
gate between the limiting amplifier and sweep circuit is open. 

This gate is provided so that the film may be advanced without 
the recording of a series of zeros as would be the esse if no 
gate were provided. Coincident with the starting of the sweep, 
the beam is unblanked and remains unblanked until thr sweep has 
moved some distance past the end of the mask. As the sweep 
progresses across the tube face it paesos first over the long 
thin slit which records a timing signal on the film. Not all of 
the light falls on the film, but some of it is reflected and 
focused onto a monitoring mask. The clear holes in the monitor 
mask are only half or lees the width of the clear holes in the 
C.R.T. mask and are phased with respect to the holes in the C.R.T. 
mask so that light can pass through the monitor mask only when 
the beam is moved near to the trailing end of the corresponding 
hole in the C.H.T mask. Two phototubes pick up the light passing 
through the monitor mask; one picking up the light through the 
word position, the other the light through the Invert position. 

The signals pass through limiting amplifiers and are sent back 
to the computer unit so that the whole transmission and recording 
process can be checked. In addition those signals are combined 
in a mixing circuit and the resulting signal is transmitted simul¬ 
taneously along two paths. Along one path the signal passes 
through a delay and an output buffer to the computer unit where 
it steps the word in the register one place thus furnishing the 
next digit for recording. Along the other path the signal passes 
through another delay and to a trigger pair which controls, 
through a DC. amplifier, the vertioal position of the beam 
Both delays prevent any deflection of the beam until the sweep 
has completely traversed the spot which furnished the stepping 
elgnal. The second delay le not necessary if both zeros and ones 
are furnished from the computer unit. However, if only ones 
are furnished it is necessary to always put the trigger pair 
into the zero position after the sweep has traversed tne spot, 
but before the next digit is stepped into the reader-recorder. 
These deflections, of course, take place behind the nask. At 
the end of the unblanking pulse a second trigger pair 1s tripped 
starting the second sweep. This trigger pair is connected through 
the D.C. amplifier to the second vertical plate and so positions 
the beam for the second sweep. A third trigger pair counts the 
two sweeps and at the end of the second sweep sends a signal to 
the computer unit indicating that the recording is completed and 
that the oomputer unit may oheck the process and prepare to fur¬ 
nish another word. . 


For reading, *the mask over the C R.T. 19 changed so 
that a scanning spot (probably , 005 " * -01?") can be projected 
onto the film, Also a prlBti is inserted to form two images of 
the sweep, one covering the word position, the other covering 
the invert position. At the ease time the beam Bpllttar le re- 

^it will be noted that this method of reading Is liffarcrt 
om that originally proposed. In the original proposal a bank cf 
llfty phototubes, one looking at er.oh channel was to be used and 
the film wan to be illuminated with a steady light source- 
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moved to allow all the light to fall on the readar phototubes. 

The power will be removed from the recording eirouits not In 
uae during reading. The holes in the render mask are made smaller 
than those in the reoorder mask; laterally to take oare of side 
motion of the film, and film shrinkage, and lengthwise to take 
care of slant of the line across the film and inaocuraoles of 
timing the reading sweep. The sweep is started by a signal from 
a phototube whloh "looks at" the timing signal recorded along 
one edge of the word. This region of the film is illuminated by 
a steady auxiliary light souroe. Separate phototubes read the 
word and invert at the same time. The signals are amplified 
and pass through the same limiting amplifiers and output buffers 
as did the monitor signals. The stepping signal steps the part 
of the word already read one place to the right making room for 
the next digit. As in the recording prooess, at the end of the 
first unblanking pulse a signal is sent to a trigger pair start¬ 
ing the second sweep and also positioning it. 

A simplified breadboard reoorder has been built and 
made to reoord satisfactorily. A 16 ran oine kodak with a speolal 
motor drive and with a shutter arranged to open only during the 
pull down was used. Since no computer unit or stepping eirouits 
similar to those which will be used by project Whirlwind were 
available from M.I.T., a stepping circuit was designed and an 
eight plaoe stepping register built. The cirouit le fairly 
simple requiring only S triodee (l4 6J6's) per digit. The circuit 
will step up to a maximum rate of about 760 K.C. per see. 

The type of mask used for the single sweep method is 
shown in Fig. 2. This method invoivjs the cirouit changes that 
can be seen in Fig. 5. Although ii is not swndatory that both 0's 
and l's be furnished by the computer unit it is considerably more 
dlffioult to work with only l's when the single sweep method is 
employed. The lower vertical deflection plate is now used to 
position every other digit Instead of the second sweep. This 
method has the advantages of (l) resulting in less slant error, 

(2) simplifying the optics somewhat, but has the disadvantage of 
(1) requiring muoh faster defleotion circuits, and /2) requiring 
muoh more careful timing of delays and sweep rate. 

Tests on the single sweep method are now under way and 
will likely continue for two or three weeks until it is known 
whether it oan be made to work well enough to be used instead of 
the double sweep method whioh is now known to work. There has as 
yet been no actual recording but all the equipment (eontrol and 
an additional 8 placo stepping register) has been built and most 
of it is working satisfactorily. Microphotometer traces of the 
recordings will be made in order to measure the density across 
the entire spot. 
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A study has been made of the various automatic processing 
machines already built or under design at Kodak. The first model 
of a machine, which very nearly satisfies the requirements of 
Project Whirlwind, has been built on another projeot and used to 
process 16 mm film at a rate of 6 ft. /min. It is small and ex¬ 
tremely simple to operate; however, requires hot water connections, 
compressed air connections, and a drain connection. A new machine 
is being designed based on the principal features of the 16 mm 
maohlne but capable of processing 35 mm film and requiring only 
a cold water connection and a drain connection. This unit as 
well as the reader-reoorder will handle 1000 ft. reels of film. 

To process 1000 ft. of film will require about a gallon of deve¬ 
loper, a gallon of fixer, and several gallons of water if the 
film is to have good lasting qualities. 

Although some parts whioh could be used in the prototype 
reader-recorder are now being constructed, further experimentation 
is required before the final design can be completed. As soon as 
all the optical and mechanical parts are completed a breadboard 
model will be set up to check both the recording and reading oper¬ 
ations. In the meantime tests on individual components will con¬ 
tinue. For instance teste will be made on the magnetic clutch to 
determine its starting and stopping time. Two different materials 
are being considered for the iron path. Comparative tests on two 
typeB of loop forming mechanisms will be tried using 1000 ft. 
reels of film. 

About a year ago we performed seme simple experiments 
which showed that the troublesome drift of 931A photo-multiplier 
tubes could be very greatly reduood by using them under pulsed 
light conditions with a low duty oycle. Later R.C.A. reported 
the same finding. We have therefore, hoped that the 931A tubes 
will be stable under our method of operation. There has been 
no noticeable trouble from tube drift in the breadboard reoorder. 
However, since we are operating with a somewhat higher duty cycle 
than that used in the earlier experiments wa feel that further 
controlled tests should be performed on b number of tubes. At 
the same time wo hope to oheok the life characteristics of a number 
of oathode-ray tubes since no euoh characteristics useful to ue 
can be obtained from the manufacturer. 

We have been using a 10 KV RF power supply, the Dumont 
263A, and a 30 KV supply made by Essex Coil Co. The latter was 
aotually operated variably between 10 KV and 20 KV. The Dumont 
supply is very stable, but coneiderable difficulty has been en¬ 
countered with the Essex supply. Much of this has been due to 
mechanical faults. However, another model has been ordered and 
wo hope to run exhauetlve tests on it to determine if it will 
meet our requirements. 

Project whirlwind asked if we might incorporate in 
addition to the above features, two other features (a) the ability 
to take single frame pictures of the entire face of the oathode- 
ray tube and (b) the ability to remove the normal cathode-ray 
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tube and replace it with a bank of smaller tubes for multi-ohannel 
graphical recording. The first would have required a flat gate 
and a considerably more complicated drive mechanism. In view 
of the fact that the job can probably be done with an auxiliary 
oscilloscope and commercially available cameras, it was Jointly 
agreed that this feature should not be incorporated. The socond 
feature involved sufficient changes in the power supplies, optics, 
and tube mount to require essentially another devioe. We have 
considered certain other possibilities, borne of the seismograph 
equipment might be satisfactory except that it uses 6 inch paper 
whioh, of course, could not be processed in the automatic processing 
machine. Perhaps the equipment moot likely to satisfy the needs 
of Project Whirlwind is a graphical recorder being considered by 
the Naval Ordnance Division of Kodak. The speoifioations for 
this unit have been sent to Mr. Forrester for comments. Although 
no contraot has yet been let for the construction of this reoorder, 
it is expeoted that this will be dons soon. 

To summarise: nruoh of the component research has been 
completed, a breadboard recorder has been built and found to work 
satisfactorily, all of the components required for a breadboard 
reader-reoordor are under construction, and an automatic developing 
maohine is being designed. Further component testing is necessary 
to determine (a) the merits of the single sweep relative to the 
double sweep method of reading and recording (b) the beat way to 
operate the C.R.T.'s to give the most light compatible with long 
life, (c) Drift and life characteristics of 931A phototubes as 
used in the reader-recorder, (d) a satisfactory method for auto¬ 
matically maintaining a film loop, (a) action time of the magnetic 
clutch, and (f) the characteriatioa of the rf power supply under 
the worst conditions to be encountered. 


RDONeal/mw 

Development Department 
EASTMAN KODAK COMPANY 
10/7/47 
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CRT MASK FOR DOUBLE-5WEEP 
RECORDING (9 DIGITAL. PLACES). 

XXX REPRESENTS SWEEP POSITION 
FOR WORD IIOOIOIII. 
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FIG. I 
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CRT MASK FOR SINGLE SWEEP 
RECORDING DIGITAL PLACES'). 

XXX REPRESENTS BEAM POSITION 
FOR WORD IIOQIOIH. 


FIG. 2 
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KSVSP.SIBLS BIN MOT nOfK'TH AND 
SHAFT POSITION INDICATOR 


Abet re ct 


A binary counter has been developed, that responds 
to subtracting pulses a3 veil as to adding pulses. The 
t .10 types of pulses are dietlngi! 4 shed by different input 
ciumels, by polarity, or by size, and the reversible 
action is accomplished by suitable carry-over previsions 
between the counter stages. Each st. ge employs four 6tF‘5’e. 
Resolving times of 10“5 aee and less ore readily obtainable, 

Ii conjunction with a nhotoelectrlc actuate! pulse generator 
and a reading circuit, tbs counter hn oeen used to indicate 
angular position of a rotatii > e! ft. rhe pulne gen¬ 
erator produces adding pulses for c.ockwise rotation of the 
Shaft and subtracting pulses for cour...orclockvl8s rotation. 

Tne rtading circuit "ecane" the raveral counter stages and 
gives the counter reading in the form of a microsecond ouloe 
binary wave-font number. While iihe system tiao been designed 
to orovlde one cf the input parameters to a fiigitn.. slectronii: 
coisnuter, tho methods employed esn be used for other situ¬ 
ations involving two dlrectionnl motion and differential 
counting. 


H. f. Stabler 


I 
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REVERSIBLE BINARY COUNTER AND 
SHAFT POSITION INDICATOR 

INTRODUCTION 

The components described in this paper have been 
developed to serve at an input devloe for a digital 
computer. The computer itself la a component of a large 
control mechanism, the association being such that at 
least one of the input parameters must be furnished by 
the angular position of a shaft. The shaft is free to 
turn in either direction at Irregular intervals and speeds. 
Precise information concerning the position of the shaft 
must be continuously available and it must be furnished 
to the computer in the fora of a binary wave-form number. 

The system which has been developed to furnish the 
necessary mechanical-electrical link is shown in block 
diagram form in Figure *1. As the shaft rotates a pulse 
generator produces a pulse for each minimum discrete 
angular increment. These puleee are counted by a reversible 
counter. A reading circuit then scans the counter stages 
and furnlshss the necessary waveform number to the computer. 
The pulse generator is designed to distinguish the direction 
of the shaft rotation And the counter reeponde correctly to 
both adding and subtracting pulses. 

While the system constitutes one solution of a specialised 
problem, the reversible aspects of the counter and pulse 
generator are new, and the general method employed can be used 
for other situations involving two directional motion and 
differential counting. 
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PUL Si' GEKKRATOR 

Th« shaft carries a slatted disc which serves ae a light 
shutter for the phototubes VI and V? In order to distinguish 
the direction of rotation these tubes are placed as shown In 
Figure 2. Light transitions on VI are Instrumental In causing 
pulses, provided that these transitions occur while V2 is 
illuminated., The transition light to dark causes a clockwise 
(or adding) pulse; the transition dark to light causes a counter¬ 
clockwise (or subtracting) pulse. If phototube V2 Is not 
Illuminated, the pulses that would otherwise result from VI 
transitions are blanked from the generator output. Thus, for 
example, continuous clockwise rotation results la a series of 
adding pulses, one being produced at the Instant the trailing 
edge of each slot passes in front of the silt aperture for VI. 

The essential features of the pulse generator circuit 
are shown In Figure 3 . V5 end v6 constitute a direct coupled 
multivibrator that is stable only when one tube is completely 
cut off. The circuit constants have been chosen so that the 
high transition (V 5 changing suddenly from non-conducting to 
conducting) occurs as the potential of the V 5 grid Increases 
above 60 volts, while the low transition (V 5 changing suddenly 
from conducting to non-conducting) occurs as this potential 
decreases below 50 volts. The sudden rise of the plate potential 
of V 5 at the low transition (phototube VI light to dark) causes 
a positive pulse on the grid of V9, which (If V2 le light) prod ices 
a pulse In the clockwise output channel. A similar rise in the 
potential of the V& plate at the high transition causes a positive 
pulse on the grid of V10, vhlch (for V2 light) produces a pulse in 
tbo counter-clockwise output. Phototube V2 controls a multivibrator 
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V7-VS Identical to V5-V6. and. V10 can transmit pulses only 
if V7 is non-conducting. The differential of 10 volts between 
the high and low transition points insures that the multivibrators 
remain stable even if the disc Jitters back and forth across a 
transition position. 

A complete circuit diagram is shown in Figure 4 (DVG-A-36). 

V3 and V4 are DC amplifiers for VI and V2. Direct coupling is 
required to the grids of V5 and V8 in order to take care of very 
slow disc motion. Their "dark" potential nust be below 4fj volts 
and their "light" potential above 65 volte. Pulses approximately 
15 volts in size and of 0.7 microsecond duration are obtained in 
the 70 ohm outputs. 

During rotation of the disc the potentials applied to the 
grids of V5 and V 8 vary apuroximately sinusoidally about 55 volts 
with a 90° phase difference between them. The pulsing circuits 
have been tested by apnlylng sinusoidal potentials from an 
oscillator to thess grids with proper phase difference. Clockwise 
pulses appear when the V5 grid loads the V 8 grid and counter¬ 
clockwise pulses when the V5 grid lags the V 8 grid. The generator 
operates satisfactorily at frequencies up to JOO kc. This limit 
can be extended if necessary. 

The photoelectric syetem has been operated eo far only with 
a small disc having 150 slots. It is planned to produce "slots" 
and "teeth" photographically. The degree of angular subdivision 
possible depends on the closeness with which practical lines con 
be placed, the associated inertia of the dlso system, and the 
acceleration to which it must respond. 500 lines per inch appear 
feasible (employing motion picture sound track techniques) corresponding 
to a direct resolution of about 2^ minutes for a 6 inch diameter disc. 
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For such an optical arrangement type 931A multiplier phototubes 
are to be used, their platee being connected directly to the 
respective multivibrator gride and V3 and vL omitted. 

RKVEHS1BLK C0UNT2R 

A conventional scaling circuit or counter consists of a 
series of direct coupled trigger pairs. Suppose the components 
of a pair are called A and B tubes, and neeume that for zero 
Indication the B component of each stage conducts, or ie ON. 3very 
other Input pulse (to any stage) causes a carry-over pulse to the 
next stage. For binary addition a oarry-over pulse must occur on 
the transition 1 to 0, that Is, when the A component changes from ON 
to OFF. The direction of the counter progreeeion will reverse, 
corresponding to subtraction, if carry-over takes place instead on 
the transition 0 to 1, or when 3 changes from ON to OFF. 

Figure 5 shows a functional diagram of the reversible counter. 
Three counter pairs are indicated by the elx circles, the ureflxee 
0, 1, 2 (and so on) denoting the power of two associated with each 
stage. The C and D squares represent coincidence tubes. All C 
tubes are associated with additive carry-over, the D tubes, with 
subtractive carry-over. A pulse to be addod Is received In the 
upper channel. It triggers a self-restoring multivibrator, the 
addition gate, and applies a positive square wave to the screens of 
all C tubes. This prepares the C tubes for activity. The input pulse 
also passes through a brief delay section to the gride of the first 
counter tubes. If 0A Is conducting, the pulee turns OA OFF and OC 
provides a pulse to the next stags. Similarly, a subtractive pulse 
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(ln the lower channel) first prepares the D tubes for activity and 
carry-over takes place when a B tube is changed from ON to OFF. 

The delays shown (of about 1 microsecond) are introduced to 
allow lime for all C or D tubes to be properly prepared before 
the pulse is counted. The add and subtract gates must have a 
duration sufficiently long to allow all necessary carry-over to take 
place, even to the end of the counter. Tho method necessarily 
requires two incut channels. The two types of pulses may be transmitted 
to the counter over a single line, however, if they are distinguished 
by size or by polarity. Simple discriminating circuits then trigger 
off either the add or subtract gates as required. 

Figure 6 shows a schematic of one stage of the counter. Tho 
A and B tubes are connected in a standard Ecclee-Jordan circuit with 
self-bias, and the tubes are triggered with negative pulses applied 
simultaneously to both grids. The screen potential of the C (or D) 
tubes changes from -E volts to ^-100 volts during the add (or subtract) 
gate interval. During addition C transmits a carry-over pulse when 
its control grid receives a positlvo signal caused by the rise of 
the A plate. Using 6 aK5's and the constants indicated the quiescent 
current per stage is about 10 ms. A single stage has a resolving 
time of about 2 microseconds and a carry-over time of about 0.1 
microsecond. 

For a 15 stage counter, the add and subtract gates can have a 
duration of 4 microseconds. This allows time for 15 successive 
carry-over pulses and for reasonable.rates of rise and fall of the 
C and D screen voltages. The minimum resolving time between input 
pulses is determined by this gate length and is thus about 6 


I 


microseconds 
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The counter Is reset to any desired reading by momentarily 
Interrupting the screen currents of the appropriate combination 
of A and B tubes. 

Figure 7 le a complete schematic of Input arrnngements that 
have been used reliably with a 5 stage trial counter. In this 
circuit the delay for both add and subtract channels le provided 
by the self-restoring multivibrator V3. VI serves to trigger the 
add multivibrator VL as well as "V3, and V2 acts similarly for the 
subtract channel. The two gate voltages are taken from the 
cathode followers v6 and V8. 


RJSADEH 

A simple reading circuit Is shown In Figure 8. It consists 
of a series of 6 as 6 coincidence tubes, VC®, VIS, V2S, —. The 
suppressor grids of these tubos are connected directly to the 

plates of VOB, V1B, V2B, - respectively. The cathodes of the 

E tubes are kept at the normal non-conducting potential of the B 
tube plates and their grids are biased to cut-off. The S plates 
are connected to a common output circuit. If a single positive 
reading pulse Is applied to the control grid of each E tube 
successively at microsecond Intervals, a pulse wave-form number 
corresponding to the counter reading will be generated In the 
output. The microsec and delay Introduced between each E grid can 
be provided by delay lines with amplification as needed to balance 
the progressive attenuation. 


» 


The reading pulse can be Initiated by the fall of the add 
or subtract gates of the counter, so that a new number is sent out 
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whenever the counter reading changes. This feature necessarily 
lengthens the time that must he allowed between input pulses to 
the counter. 

An alternative method of generating a scanning pulse for 
each stage Is shown In Figure 9, The E tubes are connected as 
they are In Figure 6. The FO tubes are Kccles-Jordan pairs. 

Each y tube receives negative "clock" pulses of 0.2 microsecond 
duration at mloroeecond Intervale from the synchronizing system 
of the computer. These pulses normally keep all P tubes non¬ 
conducting. 0 tubes conducting. When the counter Is to be reed 
a single positive pulse Is applied to the gr of V 9 . This 
triggers the first pair, turning TOG off. The next clock pulse 
turns V03 on again and the fall of its plate voltage Is transmitted 
to the grid of V1G as a negative pulse. This triggers the Vll'-VIG 
pair. VIO- remains off the the microsecond Interval between 
clock pulees and as It returns to the on state V2F-V2G is triggered. 
In this way, the P tubes are successively turned on for micro¬ 
second intervale. As each F tube returns to Its normal off state 
the rise of Its plate gives the required positive scanning pulse 
to the corresponding S tube grid. 

A 5 etage reader has been constructed and operated with the 
constants shown In Figure 9* The circuit is quite critical to the 
characteristics of the clock pulBe, and difficulty is experienced 
with the tendency of later stages to trigger previous ones. A 
low Impedance clock pulse source and careful shielding between 
stages should Increase the reliability, and some modification of 
the constants is also probably desirable. 
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OTHER APPLICATIONS 

• 

The pulse generator can be operated In conjunction 
with a reversible decade counter and visual Indicator of 
the type developed by Regener*. The method then constitutes 
a substitute for a selsyn Indicating system, with the 
advantages of lower associated Inertia and higher speed 
possibilities. 

The method can be adapted to provide precise continuous 
Indication of linear displacements. Either optical or 
supersonic Interference fringes are suitable to serve an 
the discrete Increments counted. A directional sense is 
obtained If a 90 ° phase difference Is introduced between 
the fringe systems that produce signals on the two Input 
grids of the pulse generator. 


I 


• V. H. Regener, Rev. Scl. Inst. 17, p375t 1946, 
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mmumiu m-89 

SorvcRechrnl oma Laboratory 
Ha see .'huso its Institute of rechnoloijy 
Ca»brldg,t, thiaencK ««tS. a 


So Jny y. forrostor, R H fcverntt 6345 

From H. P Stabler hr.go l of 6 ja 

Subjcc'. Median loaf to Binary Convertor 

Bate. July 22 194? 


Apparently soxe 45 of the 50 pcrametu *s need nl; * rncvn to a 

nubdlvislou accuracy of a bout 1 pari In 12b Since the m*. -ua spend a 

accsleration of the assoc atec centrals arc m t e «i ikely the 
brush contact# or ca® tipe.’etea ieaf switches co ild be u,:ed sOvniungc 

One mot arrangement la ehowt schematically - 11 re 3 Mgr 
Mnary figures (0 to 255) are provided by night can ojic ated switches ' bo 
(ah disee are mounted In oete of fcur cn two ibct i The fc at sl-aft an 
lancci the awltckr e 16 digits per revolution 'llm eor.o <1 rli .t lo coup! n ) 

to the flia‘ by a meohanl al carry-;vai pinion ind odvr. c.ei . leth turn 

each revolution ol the first shaft While the .ocond Aral' a in motion 
moves at tho sna« epoed at the firsi slaf" 

'"o avoid enblgu'ty at the trenet lon •;dg n (a d tl" eforr rai. 
possible reasonaole tolarmcee for tnelr ai Ignatnt th dir fvilchon 
inactivated at. each transition posltlor by xoan t o- a h anktrg switch 
figure 2 nhova tlic plmeln, ol’ the case and blank* n,- ml ch t itecti 
Flanking occur a over half the ar«a 

She circuit echonatlo 1b saovn in yiguro 3 'he output nidou o' 
the reopectlve digit switches of eon paranot#r ere connect?’* 1 in parallel 
a gate tube Tho input a doe of all digit twltcheo for nn/ n« pararst? 
are common and connected 1 trough no blank ng i.uitrh to an input line. i 

read the number a n gate voltage '.s applied juc: • as 1 velj to the Input llj.i 
each parameter, lu turn Th<> numbers are place: nucceri voi; n their r« 
pectlve storage registers 

Assuming the control knob can bo turrs d a KeJt lu,: > 6c ity .if 
1 rov/oeo or 32 digits/aac, the minimus title f?l a blati Inj t so segment 
sill bo 1/64 nee allowing 100 p^sec to road o.ic.h na»Kr, r " i reading 
repetition rate per para®c<or could 3a 1/200 sc Thun an> charge In 
number uouln always be detected- 
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Memorandum K-89 *8- * July a<. l >‘ 

The miccoee at' live method clearly dtriaa-ie on Jba -slluiillity 

i llfo, and. yca»d possibilities of the uvdtchs* ?ho un'. t could pr«c>abl/ he 
de signed an a aa/11 compact unit Bone lore a*. igc ton f on ah contact* trd 
can operated owitcheo set ns warranted, at.it witch doc tic aechonlca) 

parte for a modn] could be undertaken 

Other tmthoda aeam likely to re.juiro cnlibrn ior. cr edO'XBtmnt M 
at l on .ai a ono t oe c ircuit at nacb parasanter station 

3ob points on that the blanking aul'.od dosor- ad bo t 

requires ton free rant admission to ntcrar® H*< surges a that the blanking 
switch instead ccnetst at a double thx-ow switch which nrvec to celeet 
which of two ne it cf number swl^cbb* ere to be rsr»d, the tv sets being 
slightly displaced in phase 


|J ■? 5h»Kw 


fi. P Sta' l*' 


HPS. rh 
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Kenorai'dnm K 101 

Gervooecfiani.au* Laboratory 
Mnsieaokuaetts Institute of Technology 
Cambridge „ Mae*e.chnoet.ta 

To /ay V.. I arrester, R. R t Lverett, H R Boyd,. 

H fehnsatock. C R, Vleser, S H. Dodd, 

1‘ Tout* W J UolaJi D K Brown and N Tayl .r 

i'ront £, S. Rich 

Subject. Notea on Visit to Moore School University of 'ennsyivati.'.a 
on Septembe. 3. 194? 

Dato Septembsr 9 194? 


B345 

'-'ago 1 of • 


1 l-mmoee of Vlalt - 

The purpose of tie visit to the Moore School vne to dlsauiK ti t n- 
Elasnatle recording as a etorege aedl ,, .s tu slsctroulo computer; The din m- 
on this subject took place with Dr- Cbuan Chu and Mr Sharp 1 ense Hr in iep 
also dlacuaBed soma of hi 3 work on mercury delay lines tued for high op- 0 

2 M agnetio Recording 

a Result s of Resear ch flt the Moore Srhori - tp to the pro son t 
rooearoh program on magnetic recording at tho floors Schorl list bren dire ten 
development of a satisfactory recording notl.ud for nee v tb the DDVAC, s O 
suits achieved represent a cospleto working oyaten i> tlier thar the tC ti’ t.e 
design oi such equipment.. 

In the hDVAO, magnetic recording media are to be used lc ti e 

and output devices The principle f eaturoa of the tf-gnc’-lc re ordlng sy t*- 

K-nted wire maculae lured by the Brush Dev 

Company 

- Otipaton drive ccuplsd to an Induction mole, 
clutch ayr-tnia. Simple servo 0 will be ust 
turn the feeding and take-up reel* eac me 1 
the proper amount ot tsnelon in tho ^ re 

A akngle head design 1® uo«j fer the hree 
of oroelug, recordlDg and playback. ’ * 4 . ( 

r'ng-shaped lamination of Mo-harmf.il>; her 
eniccted r.o the hast type of core for the c 


these devices ars as follows- 
Recordlng Modi tea 

Drive 

Reads - 
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Memorandum M- 101 -2- ( September ? 134? 


Recorded Signal* - lu-loee are receded at the rate of 2000 pp» 
with a spacing an the wire of 4C pul so e per 
inch Positive and negative pulnes we ueed 
to repreueat ths tvo binary ulgite I marka 
pulse of the order of a half-inch iD length 
1* recorded at the end of each word 

Wire Speed - A wire speed of 60 lnches/ecc 1* to be ured in 

all operrtionn in both the input and the out ui 
devices exept when reeding: Information out i-t« 
tlie printer i'or this operr.tl a sueod 
sufficiently la" sc a* to mats... that cf the -rut. 
will be used. 

Tha naln considerations in the selection of the recording medium 
were the computer requirements, the recording performance of tbn magnetic iur.tr > 
and the availability of this material Since information Is to be fed Inti) ar 
received from the computer in serial fashion r. single channel recording such 
way he obtained on a wire ie sufficient The performances of various magnetic 
materials were Indicated by the results of tests conducted by Tr r,hu on •over; 1 
recording media These results are shown in the rttacnea table -J. though the 
Brush Hated Wire does not give the hlgheet resolution of pulsed signals It v 
selected because it gives a relatively high output lev-1 has very uniform ms; * 
properties, and 1* commercially available at low cos* Spools containing sbou 
2 miles of wire are to be ueed 

A clutch system to cortrol the drive capstan in to he ueed for n , 
storting and stopping of the wire The clutch performance le ^.uch that the wire 
can he stopped and then brought up to opeed agr 1 a within tho length cf the rec 

marker pulse 


A single head design fer are sing, recording, ;-.r.d pi \yback vac 
decided upon so that recordings may be made for either direction of wire motlo* 

A complete system will contain tvs such headn. one for e.e.slng and the ether f: 
recording or playback To reverse the recording direction, it in neceosAty 
merely to Interchange the function of the respective hi>a<ts by electrical svltcile; 

The choice of 40 pulser per Inch as the pul to spacing on the vir- 
rather than a greater number idilch the table shows in jOBSlble wan dictated by 
necessity for reading into the printer at low speeds The longer pulse length 
allows a hi^.er level signal to be recorded and hence gives a higher output in 
playback procees 

A marker puloe at the end of nach word is 'o be used oo that the 
position of recorded Information with respect tv the playback head is known a t 
time*, for the cost part this recorded information la to be used in sequence, 
if it la necessary to return to a previous word In the Dequeues thin word may 
located by counting the marker pulses With tho clu*eb i/nton ueed, It •as fo 
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that there wae en optimum wire speed for moot efficient use if the storage nadium 
Since the time required to ntop and start the wire 1* e function of wire speed 
the marker pulue length and henc'j the ratio of marker pulse lengtn to word lengl 
le alst a function of wire speed Consideration of thin factor resulted In the 
choice of the wire speed end the marker pu'lee length previously stated- 

A special circuit is to ho uaed In the j..D'/AC for reading inforan.tlor 
from the wire The details of this circuit were not dl acusir’d hut the principle • 
stated Because of the differentiating action of the playback h'jad c the voltrge 
generated In this head by recorded pulse signals lias the wave theses ehrwn belov 
Doth poeltlvc and negative pulses are 


Recording Pulse 


Output Voltage 


produced for a single recorded pulse The reading circuit consisto of lip- f 1 cp,i 
that are triggered by the first of the pair of output puleee but are inaenoltivo 
to the second of these pulses The use of an Integra ing circuit, to obtain sine's 
output pulses caused too greet an attenuation of the signals ’o bo practical 

b. High-JLeed Puls e Recording Dr Chu atr ted thet ho hoped to bt ob 1 » 
to start a program of research on high-speed pulsu recording in the near future 
far this work he plane to use a metal cylinder plated with a layer of magnetic 
material for his recording medium It is hia opinion ttat hands cannot be In 
contact with the medium for operating speeds greeter th/n about 10 ft/soo wlthom 
censing excessive woar either of the herds or of the medium itself A greater 
recording gap length )a necessary whan heads are spaced away : rom the medium so 
poorer rosolution must be expected ?or heads spaced 0 005" away the number of 
pulses that can be recorded psr Inch might be about 7JJG of the number that could 
be recorded with the heads In contact with the medium It was Mb undorotendi vg 
that the Institute of Advanced Study In conducting Its research on this subject 
has obtained n recording rate of 50.000 ppe with on operating spaed of about 50 P, . 

3* Msrcury b elay 11 nee 

Hr Chedaker demonstrated his equipment for high speed storage In tbn 
SUV AC using a mercury delay line and discussed some o* the features of .he line 
and Its associated circuits The de<ay line consists oi a column of msrcury 
22 inches long and 3/8 Inch In diameter contained in r glare tuba with a quart* 
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t 

crystal counted In each end of the tube The "pul. ee packet" applied to the tube 
consists of two cycles of a 6 megacycle frequency generated bj applying a pulse 
to a ringing circuit In traversing the tube* the packet Is greatly attenuated 
and la slightly spread out, 1 t. It contains more than two cycles. The output 
voltage from the line haB approximately the wove shape shown below 

—aTI/Ia— 

Most of the attenuation occurs In the crystal transducers.' There Is a 30 c.b loss 
In each crystal and 6 db loss In the mercury column Itself The output packet Is 
amplified, rectified, reshaped, and than fed back to the ringing circuit to cause 
another pulse packet to be sent down the delay line. In this way it may be re¬ 
tained ae long as desired. 

The 22-Inch line produces a delay of 266 so that, for the one mega¬ 
cycle repetition frequency used In the KDYAC, 256 pulses may be stored In such a 

line 

4. General 

Mr, Chedaker stated that they are looking for a better method of couplt ■ 
between stages In the electronic circuits. In ,he delay line demcnctratlon a con 
slderabls change in pulse wave shape was 3v5dent eo the spacing be .veen pulses vac 

varied from 1 ;,a tc 256 p.s 

A small model of the hDVAC had been built up in the laboratory and was 
used for testing tha various components of the computer However, It was not 
operating at the time of this visit. It was understood that tie design of ha 
KDVAC has been completed and that the oomputer will have been constructed by the 
first of 1948, 


£. J. fevL 


K, 


". Rich 


ft) 


1.SR vh 





APPROVED FOR PUBLIC RELEASE. CASE 06-1104. 

Hesultg of Teats on Various Magnetic Becordl.n /5 Materials by Dr. Ctou at the Moore School 
University of Pennsylvania, (Operating speed - about 10 */sec-) 


Designation ol Wire or Tape 

Dimensions 

Weight 

Creaking 

Material 


Magnetic Properties 



die of wires 

ots/ 1000 ft. 

Strength 


f 

j 

3 xlC~' > 

2 -H 



thickness of 


tasMs._ 

. 

_c_ 

r 

' C/ D 




taps - mils 






U t 


Gi Stainless A Wire 

4 

19 6 

4 

Stainless Steel 

320 

1800 

17 8 


Gi. Stalnleea-B 

R 

3 9 

19 0 

39 

Stainless Steel 

•1 

•1 

•1 


Oh Stainless-C 

fl 

4 

19 0 

4. 

Stainless steel 

30 

7000 

0 43 


Gi. Plano k 

U 

4 1 

20 0 

4 5 

Steel 

60 

5300 

1 13 


Gi Cunlfe I-D 

n 

4 1 

21.C 

3. 

Cu-Ni-Ke Alloy 

65 

2100 

3 09 


Ut, Gunico Mo Mi 

u 

4 2 

20 5 

3 5 

Cu-tfi-Cr Alloy 





GI* Cun lie I *» j 33’ 

R 

* • 2 

20 6 

4 

Cu-Ni-in Alloy 





Ka»*l Stan Cunife 

« 

3 9 

20 5 

3.5 

Cu-Ni-Pe Alloy 





Sa '1 Stan M ^*350 ^3505 

R 

4 

13.5 

11 

Stainless Steel 





Nal'l Stan H C -‘i60 ^53261 

n 

4 

20.0 

10 5 

Stainless Steel 

480 

2200 

21 8 


Bat*l Stan H C -240 

a 

4 

19 5 

n. 

Stainless Steel 

240 

2200 

10 9 


Sail Stan H C ISO 

4 

s 9 

19 0 

rw . 

■3tdiuls8(i Steel 

180 

6300 

2 6 


Swedish Tono 1&5-S 

*• 

4 ?. 

20 0 

8. 


700 

200 

350 


Brush Hated Wire BL-913 

R 

4 5 

27 5 

4 5 

Co-Ni Alloy on 

?:« 

•9000 

2 44 







phosphor-bronze 





Bat 1 Stan Plat Stainless 

Wire Zjc6 

19 0 

9 5 

Stainless Steel 

300 

2500 

12 0 


Brush Plated Tapo 


23 x 14 C 

Cl SJ 

4 n 

Co-Nl Alloy on 

220 

5000 

C ■ f** 







phosphor oronrs 





Brush Paper Tape BK-914 


2 3 

U9 

7.5 

Synthetic 

115 

400 

29 

1220 






Magnetite 





Brush Paper tape iu-29 


2 2 

144. 

y 


115 

?ec 

* C 

1680 

lear Paper Tapo Bo 11 


4 1 

183 

'■2 

Hed Iron oxide * 





Lear Paper tape Ho 23 


3 9 

1 oi 

12. 

Red Iron oxide 

105 

900 

12 

2000 

Bear Paper Tape No 34 


3 9 

182 

12. 

lied iron oxide 





German type L Tape 


1.8 

126 

6 

Synthetic 

85 

100 

8^ 


Armour Tape Bo 140 


2 3 

142. 

5. 

''.tgr'» 1 *ita 

290 

410 

»r* 

• L 

6 BO 

Ind St Prod Paper Tape 


Stan 

161 . 

12. 


210 

*2 

— 


Ind St Prod Paper Tape 


Nyflux 2 3 

157 

10 


500 

1000 

50 

2200 



- ajJdj ft w r»o»i jfcagzsetio 

w 

2 a few hundred 

gauiMa 
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Project Vhlrlwlnc 
Servomechanisms Laboratory 
Massachusetts Institute of Technols/or 
Cambridge, Massachusetts 

SUBJECT) HAOHBTIC RECORDIN G - ITS USE FOR STORAGE OF IK-'-H ATIOU IH 

JSLMT»)HIC COMPUTERS 

Written by; S. S. Rich 
Date; September 1?, 1947 


FOREWORD 

0 

The following report contains & survey of the field of magnetic recording, 
a summary of the work don«* in thl<> field In the Center of Analysis at H.I.I from 
September 1946 to June 1947, and recommendations for further experimental work 
The ournose of the work vae to investigate magnetic recording as a means for storing 
Information for electronic computing machines 
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SWuAHT 


Vor k IbB" to Date 


tin to the -.renent time, tho lnve«tlg‘ lion o iagn*t:c recordin' 
systems for storage purposes hns covered only snue or Limlr.nry of 

construction of test equipment', design of recording rlayback, and erae’-ufi 
headr. and comparison of different types of rocnrdltg madia Thle pre¬ 
liminary work was undertaken to determine th> test recording medium aou 
the best system design for testing various storage methods, 31nce a mas: 
iraum number of words per unit length of the medium is desirable for eiflc 
i«nt storage, the uooer frequency limit of a record! if for r. given linear 
soeed of the medium was taken as a measure of the system performance. 

The recording equipment used va 3 designed a;- i constructed In the 
laboratory, It consisted of pulleys a•• ranged on a nmrl to hold a short 
loop of a recording medium and draw it at n uniform treed ever tho erasing, 
recording, and playback heads. Si'.table amplifiers tonnectod to these 
heads allowed the recording and reproduction of continuous rinusoldal signals 
Six different r cording media were tested, three of these bring rater or 
cellulos* acetate tapes coated with a powdered magnetic material and the 
others b>ing solid metal tapes A tape £Oe°d of 8 - /soc vr.r used in all 
tests 


All of the hends were of ring-type core con i truetin, since ”uch cc 
permit record eg of higher frequencies than is cosslblp with other ty’ee Tb 

were oriented so as to produce longitudinal magnetisation ir the tones 
Demagnetisation by meonn of a 5C-K3 field accomplished the '’raring procee?, 
find a hl.'h-frequcncy bias in the recording head provided e minimum of atoll, 
tude distortion in the recorded ei'Ttal Theis methols were chosen instead o 
erasing by saturating tns medium tn-d using a d-c Me 3 to provide a lire -r 
characteristic because of the high;r signal- ;o-nolse ratio obtainable 

In articles in the literature it hen o-en shown th t a high res'.' a.' 
flux density In the recording medium gi.ves h .,-h >ut” it t low requencleR 
while a high coercive force con. ibutes to a high otr.n;t at high l'requen t 

The ideal rosoor.ao of the system f-r a constant reco-ding signal current io 

an outnut voltage proportional to frequency, Howov •. at high frequencl. 1 : • 
output voltage decreases rapidly because of self-domugnetisetlon in toe ■ ( ..*• . 
demagnet: cation caused by leakage :lux around the working geo of the rac'i : 
head, decreased flux nenetrati ’n in th- tedium as a result of skin rffect 
a decreaie in flux linkages t.hr >ug the playback heal -ocaure • ? its fin: ,« 
air-gap width. Self-denngnetlration is n function o the slope of the do . ; 
netielng portion of the 8-TT curve, therefore tho ratio of resid’jal flux ic ; 
Bg, to coercive force, H c , has been described an a f fCJro of merit for the I 
frequency response of a given m-dl- m For a low Eq ;o H c ratio, self ie ,■ - 
1 cation iB less and the output at lgh frequencies i t greater 

Demagnetitatloj cause! by leakage flux at. tie recording ho c l- 
rlsed by using n core ra-terlfil wit; the highest oeroiajlllty possible <. 
flux dent 1 ties Involved and roc 0 ruing 1 th tl.a mini win flux tensity c . : e • ■ 
with output requirements 

Hyntorcala loo’s and frecuoncy response cur.’ci were plotted for 1 « 
magnetic t&nes previously mentioned. Tho be.-t high- i'rapien / reeoon.u. >• • 
talned fiom one of the sowder-cofttr-d taoos which had a coercive forco of 
850 oersteds and the lowest B a to H c ratio, which was about 2.2 The Ui, 
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In response between solid metal tenes and co^.tod once how 'er was not 
wholly Indicated by this ratio For exanple, a solid t:.po liavi.ng rn He 
of 215 o**reteds and Bjj to H Q rr.tlo of 28 gave nrnroxiriately the sene high 
frequency response as & coated tape having an H c of l.'JO oeritec a and r. 

Bg to ^ ratio of 5»4 , In general a high coercive force li dsslrrblo In 
a magnetic recording medium, but thle value Is limited r.o about *00 oersted' 
because of the dlfflcul ty of producing sufficient MHK in the hearts for 
erasing and recording 

Operating with optimum values of signal anti bins currents for good 
high-frequency reeponre, It was found that the beat powder-contort tape was o m 
obtained from Minneso a. Mining and Manufacturing Costpany an«! the teat solid 
metal taoee were Vlcallcy and the Brush Dovolopment Company s elated naps 
the latter two giving aporoxinr. tely equal results. The Vlcalloy tree Is a 
homogeneous metal, wht lean the Brush plated tape hae r thin magnetic plating 
on a brass strip„ Assuming a minimum signal-to-noles ratio of 26 db as 
defining the upper frequency limit of recording, It was obt'irred that the 
WIN powder-coated tane allowed a maximum of gbout 1200 cycles per Inch of tare 
while tha Vlcalloy and the Brush plated tape each allowed about 600 cycles - 
inch. 

Btco nnaendatl o ns for Fu r ther gaperlnenta l Worh 

The best method '•’or utilising a angtotlc to ccr'in? medium or storr. 
cf information must be determined by further research Since the spaed at w * 
the medium is driver governs the rate at which infor-vtlon can be ror-racd n 
removed, this speed should be ns high as possible, The limit In thi - reeptn: 
would be set by the mechanical connideration’ cf strength of tho tsedivm wen 
on the hoods and on tie medium, and maintenance of uniform contact between v 
heads and the medium* Based on ronorte of work at ’ th^r icrtltutlcm, ? r 
of 50 to 100 feet per second should bo practicable. 

Pulse signals instead of modulated oinuaelcr1 olgnelo sl.ouLd bo l:.v 
gated. It is reasonable to asnuiie that a discrete rulse can be recorded on 
same length of tape or wire that would be required for the -ilnljirm number of 
cycles of a sinusoidal signal that would oxe.te tho circuit', of the reading 
meat. On the basis of tho response figures stated above, about £00 pu1dog p.-> 
inch might be recorder In addition, the use of pulse signals would great!; 
simplify the deoli'jn of the recording and reproducing circuits- 

Means for improving head design should be studied- A determination 
the lear.age field around the recording head would 'or particularly helpful in 
selecting the core rantarial and method of core construction. For high-speed 
operation a ring-type erasing head could not be used, so an alternate ty t 
would have to be designed and tested. The windings on the recording ,ni p]p- 
back heart* also would have to be d»sl£ 3 Jad for tho high frequencier or hort 
Pulses uued. 

Multichannel recording on a flat tane Is fenslble, and eonalble aonl. 
cations of this method of recording to coairmber problems shculd be determined 
By using hands with thin cores, th- desired narrow r^coi-dln* oaths mny be 
obtained In a commercial dl«li recorder manufactured by the Brush Devslopmen' 
Company t RPlral path is used, giving the equivalent of 40 channels oer inch 
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Mesna for locating e nnrllcular niece of recorder; information '-re 
essential In com-uter amplications This nrobabl.v win hr;v<- to bo done by 
recorded marking and synchrontcing signals wolch govern th' driving mechan¬ 
ism Ths way In which this control may be obtained It n problem in electric." 
and mechanical design which might bo solved by the amlicntl n of p'-rvoee-'h 
anlsm orinclplen or by a suitable arrangement of cl- tchso. Mui tlciianrel 
recording ol'fere certain advnn .rges ov^r s in :lc-chnr nel renrdlng in the -ol 
ution of there problems: with nnltichanr.ol recording more Information ces bo 
stored on a given length of ttv n?ilium, no that los; r ovement of the medium 1 
reouired to locate and reproduce the inform-tion. 

DldCUfSIOK 

The Kature of a Magnetic Recording 

A recording on a magnetic medium such e« t wire or tape consists of 
variations in the intensity of magnetisr.tlon along the medium. These vari ' o-- 
in Intensity of magnetisation r .re usually produced 1/ drawing the recording 
medium at a uniform speed pest the ^ole Pieces of a recording head anc very n ‘ ' 
magnetomotive force of this recording he'd In the dr-lred manner. To reorodun 
the recording, the medium Is drawn past th» mole el cec of a playback head, a 
the change of flux linkages induces a v-lt go in this herd corresponding 
signal impressed on the medium. A recording may be erased or removed from the 
medium simoly by passing it either through a strong unidirectional magnetic 
field which saturates sll -options of the medium or by passing it through a 
strong alternating field to derognetize it A corns-rison of these methods o. 
erasing will be made in a following section. 

Types of Magnetic Recordings 

K-gnetic recordings may bo classifl-ri intr 'hrep types deoer.dl.- -in 
how the magnetizing field is anolled to the medium: '1) longitudinal, (. ) r>- 
pendicular, and (h) transverse, in which the nv-gnet!'in/: MMF gradient is res 
pectlvely along the length of the medium, along the thickness dimension, or 
along the width dimension as shown in Fig, 1» For r round v-lrr, peraendic 
and transverse recordings are, of course, id-antlcal, 

Types of Head Constructio n 

In order to evaluate the-je tyres of rac-rcinge, terra knowledge o'" 
recording and nlaybcck head construction 13 necessorv A few genera 1 types . 
core construction are shown in Fla, 2. It is seen t :■ t th re may hav- -. o: 
cloee-cl m gnetic circuits and may have pole tins on one or both sides of mk> i- 
The desire of Figs. 2(a) and 2(b) are applicable tc tmnovrrse as wall 
per-endicular recording merely by changing the orier.-.ation of the polr nic. ■ 
that they contsct the edges of the medium rather then top and bottom. The 
designs of Figs- 2(a) and 2(b) may also ba used for longitudinal recording by 
shifting one pole Piece slightly along the longitudinal exit of the troo ■: 

Fig. 3(b). The ring type core of Fig, 2(c) .* used irinarlly for longitudlnr1 
magnetisation. 

Comparison of Trees of Recordings -nd Typ e s of Hoad s 

Longitudinal mngnetl-.'atlon 1° used almost excluaj'ely lr Dresont-dn- 
magnetic recording equipment, The chief reason for thi l. that the - in- i, 
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core vith a very snail air gap nllowo a signal of shorter wavelength to be 
recorded and reproduced than Is possible with other tynes of cor* construe ! 

An &ir-gro length of 0 , 0005 * is easily obtained with ring-type cor-s. 
perpendicular or transverse recording, core construction of the types of ; 
and 2(b) is necessary and the shortest wavelength thrt con be -ecorded 
first approximation at least, limited by the thickness of thp pole nieces 
mechanically rigid these oole -nieces must be of the order of a few thour r. ti 
an Inch thick, so the shortest recorded wavelength is several tlmen than o:’i 
able with the ring-tyne core. This comparison is evident from Figa 3(ej nf 
The fact that solid metal recording materiftln are more easily magnetized ■- 
direction of rolling or drawing and that the ring-type head allows easy vc o 
of the tape or wire end does not require adjustment ere further reasons for ' .a 
use of longitudinal tyne recording. From a practical point of vie”, a " r 
icular or transverse recording In the cas- of a wire recording material is r 
by the tendency for the wire to twist as it is drAwn -east the head? 

M ethods of Recording . 

The -»si*irl flux which constituted th»- recording on a mr.metic 
18 related to th« MMF of the recording head by the fariliar 3-H curves of t 
mnterial, so this reletl'n can be considered linear only ov-r a rejtrict-i : - 

In recording systems wh-re amplitude distortion of the reproduced sign-' 
kept to a minimum, it is necess ry to use a r hlcaing il WMF in the recording ' 1 
to ensure thnt th- desired linear transfer chor-cter tic is obtained, Fr’o. 
about 19^2, the recording method in use employed a constant unidirectional bV i- 
MMF in the recording head and a record : ng medium thnt had been saturated 1 
eresin.- process by a unidirectianal nafn-tlc field. The erasing process 1 
portions of the medium with n flux density 3 f . an shown in Fig. 4. The bV l.- 
MMF is of the proper mgnltude and direction to reduce the flux density in 
portion of the medium at the po!“ pieces of the recording head to the vu.li t .1 
cated by point P of the hyateresls loop of Flg<> 4 if e sicnal KMF, H( t), !■ 
superimposed on the biasing i!M?, the amount by which the flux denalty 
given element or the medium in reduced la (let-miner by the total ?T in t r 
recording heed at the time thnt element is at the pole pieces of the r.e-d. 
the minimum MMF is and the maximum is E , the flux density of success!,.: - < 
mente will be lowered to values corresponding to points between H and I or. 

B-H curve of Fig. 4, When the 'ape elements leave the rnc->rdlng head the sc-. 

MMF drone to zero and tne residual flux density rises along minor hysteresis* 
to corresponding values between M 1 and W. ry erope- choice of biasing u 

signal amplitude, then, an approximately linear relft.ion botvern signal n' 
recorded flux may be Obtained 

About 1942 a recording rvthod enrol-ying a high-frequency or sune so , 
bias vas adopted. Thlj method permits recording on :. demagnetized Tedium, so 
the noise level of the output la much less than for a saturated medium, while < 
maximum signAl amplitude.’ are approximately eoual in the two rraes. Thl- lnrp-r- 
ment in signal-to-noise ratio has resulted ir. almost universal adoption of tr 
hlgh-freeuency bias where minimum non-linear distortion is desired. A signal 
noise ratio of 50 db with only a few percent distortion is practicable with t . 
method of recording. Bins frequencies used in commercial sound recording eo 
ment are in the range from 20 KC to 60 KC. 
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A complete theory of recording on a magnetic medium by the high- 
freeuency bir.a method hae not been publi-hed. 3uch n theo~> vould Involve 
con elders t Ion of magnetic skin effect, the finite width of nolo nieces or 
recording air gape, demagnetization in the medium, and laalonge flux about 
the recording head. However, a qualitative explanation of the recording 
nroceae neglecting these effects le easily made. Assume a olaa freou-sney 
of 30 KC, a signal frequency of 1000 ens, a teoe speed of 10®/sec, end a 
recording alr-gsip width of O.OOl". For this caoe any element of the 
recording medium le in the recording gnu for 100 # jpeec or 3 cycles of the 
bla* MKF. The total M!tF aonlied to an element of the recorllng medium is the 
instantaneous sum of th" signal and bias MMF's as eho'<n In '^ig, 5(a), The 
bias KMF amplitude is enoroximutely that reoulrad to jus t past the lower Sew?' 
of the magnetization curve. An element of the medium In paislng the ,? o of 
the recording head, then. Is subjected to ar. NOT which forces the flux dent- 
lty in the medium through a series of minor hysteresis loons as shown in 
Fig. 5 (c), (d), and (e). Theee figures are for elements of the medium that 
enter the gan at timeo tj, tg, and t respectively (one Fie. 5 (b)). Uoon 
leaving the gar these elements have Residual flux densities of B. , B, , and 
as shown In the fibres. The effect of this high frequency bias is to 
remove the curved portion of the magnetization curve rt the origin end rive 
a linear relation between signal IMF and residual flu-: denrlty. It should 
be pointed out again that the preceding explanation Ik lncomolete elr.ee an 
accurate plot of residual flux density egalnst Bignal MMF would show a eo 
uonent of the bias frequency present. In practice this is not observed oris 
arlly because of the effect of demagnetisation in the medium. Tills efloct, 
which will be discussed later In connection with magnetic n-opertle9 of 
recording media, car see elements cf the medium having a length that In email 
compered with thickness to bo brought to es35ntiallj •;he efme residua flux 
density, so that the bias-frequency component Is lort 

Signal Reproduction 

The reproduction of a signal th’t has been recorded on a mnj/ietlc 
medium Is essentially thp same for all tyne3 and me.hode of recordln . "he 
types of core construction shown in Fig, 2 apply to playback a» well as 
recording heade, For p given system the orientstior of the pole pi»co'- or 
the air gnu should correspond to those of th; recorcir.g herd, so thnt a r.■ ■ 1 - i 
number o lux linkages through the playback head winding 'Ml be produce*; by 
the residual flux from the recording medium. It has leen f* uad thet the rl-y 
type core is sunerlor to oth^r tyres for Playback heads for the name rennor. 
as for recording heads. 

Erasing 


As has been previously mentioned, n recorced nln*al may be erase ' 
elth'T by saturation or by demagnetization of the recording medium. Sat 
la easily accomplished either with a permanent magnet or wi h an electron - 
of e type elnllrr to one of those of Fig. 2. For thir oui-*< *ie, of course 
neither narrow pole nieces nor n short'air tom le necessary An obvlus 
for dens.jnetlalng a recording ir*>dtun Is to oner it t rough the center of t 
In which alternating current lo flowing. This me ’he ‘ 1; nc* generally ur.< 
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however, bjceuee nhloldlnr of the recording ar.. plsybo boa' frotv the 
high loaka^e field becomes ft '-robin' Pr.*ae"t eristic? i.i to us® t deed 
core as shovn in Fig. 2 (c) havit, an air -zt o of 0,010" to 0.0;'0“ in contact 
'•■lth the ricordlng medium. A high-frequency f t of sufficier ngnltudr 
to raise the flux density of the medium to saturation is and led tc ths 
medium while It in passing this air gap. As the tine leaves he gap, the 
flux density ie effectively reduced po zero by tho der finatizing effect 
mentioned in connection with the recording process* 

Freouency Response of a Magnetic Recordin ’ Sy ptem. 

It ia very difficult, if not impossible, to compute theoretically 
the frequency response characteristic of a givn roagn"tic recording aygtem c 
If it could be assumed that a constant current in the recording-heed winding 
produced a constant magnetizing M!3' find her.ee a conpta-it residual flux ceno 
8ity for all frequencies, then the voltage gen rated in a ring-type playback 
head under ideal conditions would bo 

„ d 

e ~ h -(0 uin wt) 

it 

- x 2 f <t) cob tot 

This correononds to a straight line rising 6 db per octave when output veltf ce 
in db is plotted against the log of frequency as shown by th* broken lir.s In 
Fig, 6. The actual response from a typical recording system for a constant 
recording current falls below the ideal response both at low froouenclop and 
at high frequencies as shown by thp solid curve of Fig 6 The drop c -1 tho 
lov-frequenc- end occurs when the wavelength o:.’ the recorded signal is com¬ 
parable to the physical dimensions of the playback head. By reference to 
Figs. 7(a) and (b), it is seen th--t vhen tho recording medlur is in a position 
to produce the maximum flux through the oleybao.k na.->d, only n fraction cf tho 
total flux lluks the windings for long wavelengths while substantially p 11 of 
the flux links the windings for chert wsvelengihe. This results in a doer 1 s-. 
output voltage for very low frequencies. 

The drop in output at the high-frequency end ii duo to several fact 1 *, 
the rwjor ones being demagnetization in the recording stedium, leakage field 
about ths recording head, and the ecannizv: effect cauood by tie finite width 
of the air fan in the playback head. Magnetic akin effect in the recordin' 
medium e id eddy currents in the core of the playback head may also contrlbuta 
under certain conditions. 

It is well known that as the ratio of the length of a bar magnet to 
Its thickness decreases, the field at one ond of thp mignet dee to the nolo at 
the other end Increases. This "solf-demcgnetimtion" reduces the total fi 1 
strength. At high frequencies, then, when the half-wave length of a rccordod 
sigr.il approaches the thickness of the medium t similar condition exists whr - ■ 

l 
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the section of the me. '.ura a hrlf-wavelength long is c< niid ' 1 -d as n n 
individual nagnot- ?er a magi’. * tic tnne 0 ,. 001 " thick running at n ”im 
of 10 inched riar second, the frequency havin' a half- aval t rth equal 
to the taps thickness is 5000 cycles ner nocked 

A continuous recording of a sinusoidal elgr.-l may he considered 
ns a series of magnate each a half-wavelength long with like poire placed 
next to each other. For this case the field nt any -Dint is a resultant of 
the field of all magnets in the vicinity. Ai the length of these magnet? 
decreases, the influence of neighboring magnets becor s -ore -.rcnounc d 
and reduces the effective field of an individual magnet. The magnitudes 
of these demagnetizing factors ire difficult to calculate since they dev.;,' 
not only on physical dimensions but also on ;h'- distribution of .1 vpr. 
iz&tlon nnd th- magnetic properties of the recording me Hue. Howe* er, i 
can be shown that materials of high coercive force and lots residual p 
euffer less demagnetization than matarlalo of low coercive force and hi . 
residual magnetism. 

The flux thrt enters the recording medium from a riag-ty~e recot 
he«d is that which fringe? the sir gap. In the Ideal era© this flux ort--. 
medium only in tho area that is between the gam face? a* in Fig. 8(a) Ac 
the lea'cage flux around the rec rdlng gao snreac s beyond tht gap faces a;,.' 
enters the teve on either side of the tfi-o as shown in Fig* 3(b). It le crvidp. 
that if the direction of the recording MKF 1- rryrraed before a mr netiz’ 
element of th» medium leaves the region of thl" leakage field, the element 
will su-fer some demagnetization. This s tUEtloa, of course, exists whet* 
short—•■avelength or hi -h-frequcncy slf3iel6 are > -'Ing recorded Th" u>e of t 
core m terial having a high-sniurotins flux entity and recording with on ‘ •' 
an MM? at- possible helm to min.'.-size desip.,=n5e'I -ition by tht t leakage field 

The decrease in out no. an frecu"nc> it incroaood that in caused by 
the finite width of th“ fir ga"> in thp nlnybaO h°ad Is readily computed to t. 

the function 


stnTT >. 



where S 13 the gao width nnd X - j th wavelan.*th pf th” rec rd*d signal, 
loss due to this effect, howev--: , is a small orrt of M" total lani for 
exaraoie, a signal of 10 XC rec-vded 3 t a 3 Peed of 10"/oec t a vavelc.ngtl ■>, 
0.001 •*, and aennmlng S = 0.0005 r the value of the ebovo function le 1, or rbn- •. 
A db. The total lose under them conditions Ir normally eevarel times thl:- 
value. 


Tho effect of eddy current set up in the oagaetlc medium during >■ 
recording oroc-eo . and in the core of th« mlr.ybs.ck headuuri’ playback har 
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b*»n evaluated. If th* operating speed i« such thf t veiy high freqttonci e 
are recorded. It Is reasonable to assume that Borne lore in output at Mg 
freruencle 6 occurs as a result of these eddy currants Thf cores of olay 
back heads are usually laminated to minimise eddy current lonsu3 in the 
reproducing process. Of course skin effectet the bins frequency limits 'ho 
penetration of flux into the recording medium, hut this causes a c.ecrcaee in 
output level for all signal freauencies and would not affect the shape of the 
response curve. 

R equirements in a Hagr-Ptlc Recording System , 

The desi( 5 i of a complete magnetic recording system involves cone.id 
»r"tion of many factors Certain properties in the recording medium, the ;ier 
and the drive mechanism are basic rcoulroments, while the rr t»rials used, ♦h- 
actual form of the enuioment, and its operateng sneed are determined by hi. 
Darticulrr ermliention for which the system is interled. From the info?*"" 
contained in the preceding discussion it is possible to enun r ,t' some f t'-rr 
requirements- 

High coercive force and low residual magnetism are essential pro; 
ertiee in a recording aedium whore maximum high frequency response or g v 
resolution of pulood signals is desired. However, in practice coercive ore. 
is limited to h £0 to 400 oersteds by the difficulty of obtaining sufficiently 
high magnetizing fields in the recording head without excessive leakage flux 
The value of residual mngnetisn also must be sufficlart so that a usable outru 
level is obtained from the playback head Reducing the thickness of e up’ or 
the diameter of a wire J ecrease., the demagnetization of a recorded eignn 
limit to reduction in site in this respect is set by considerations of moche 
leal strength and output level. High resistivity is another desirable oroc t; 
in the recording medium Higher resistivity reducer, th- tnegnetic skin e foe 
end allows greeter penetration of flux in the recording process The choir* 
of solid mstal or powdered mterlals and of tape, wire, or disc form de - r.is or. 
the particular application of the system, Solid mstal i.r.terials are ir.ee. aa- 
lCJilly strong and sxnerlence 11 .tie wear with use Powders d materials coo tec 

en a suitable backing give bettor high frequency response, but have a low 
cutout and wear out nftor n few thousand playings Wire occupies less roace 
than flat teoe when wound onto a r?el so is advantageous when a long rec 
tin® is desired. 

It is evident that for the core of the recording head a hlgh-p*ro- 
eabillty material should be used. In particular it should hove th* highest 
saturation flux deneitv oo«sibl - along withe, negligible reeldual meg.net’ era,. 

It must also be of laminated construction to reduce odd}' current effects 
particularly at th* bias frequency. To facilitate in ing of the colls on 
ring-type heads, the cores ere usur.lly otde Jn two pirtn, and the fac .09 on 
these two parte are ground to give a good fit on assembly, Ko spacer is u;ed 
in th* recording gap if mnximum hlgh-frocuency resoov e 13 desired, Tho fr, 
of winding usod depends somowha'; on the design of th ■ arrolifiern supplying the 
bias and recording signals. Both Mgh-iereedi.ac© and lo*'-impedance windings nr 
found on conr*rclH.l recording anui mont, th* former type being coupled dir-ctl; 
to the plete of the output amplifier and tho letter ecupled through r su*.table 
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traneforn.er • Whore high blna and signal frecuencles " employed, transform** • 
generally cannot he need, i'urt Vrnore, care must he takon so l.‘*'*o diuirlbut. 
capacity In the coll to a ralnltr.ua to ovoid resonance ■>{ acts within the "par 
at Inf range. Separate windings for the blae and reordlng ilgnaln mey ho 
utilized, and have the r.dvanta of more simple wnplifl'-r design whan economy 
of tubes It not lraportant 

The core of the playback head ehould satisfy the general requirement' 
of low lo«s and negligible reeidual mngnotlsn. as in the case of the recording 
head. However, lte lrnnrtant characteristic Is initial perusability, which 
should be as high as possible. Although best insults would be expected from a 
magnetic circuit h' ving a single air gap. it is more practical to divide the 
core as hap been described for the recording head. -Symmetry In the corr and 
In the windings Placed on the two halves gives the farther advantage of less 
oiclcuo from extraneous magnetic fields. In rny case magnetic shielding of 
the playback head is essential, especially with low-output*level recording 
media such os the powdered materials,. /. high-lmoede-.co winding to connect 
directly to the grid of the olaybeck amplifier is us'ir .iy satisfactory, r.lthr ■ 
a low-lmpedence winding and step-cp transfers or any >e deo'.nbla If the head 
very small or If the core hao been formed in one piece 

The requirements for the core material of the erasing head are tder 
leal with those of the recording head. Its features of construction are also 
the same except that a g-p of 0,010" to 0,020" is necessary Its winding, tm'-’J. 
be designed to obtain a maximum power transfer from -h» erasing, amplifier 

For faithful reproduc :ior., the recording medium should oase the 
recording and the Playback h^adn at as nearly a constant spord as oosslb e. 
since fluctuation In soeed will cause verlatlone In both the amplitude and 
the frequency of the reproduced signal- For this reu ion soma typo of fr oil- 
drive Is used instead o? gears on belts. Usually a mechanical filter arrange •- 
such as a rubber-tired Idler engaging both the motor shaft, aid the rlo of : 
flywheel on the drive haft Is incorporated In the b, -sad redecer design 

The choice o the for::: of the recording medium deternln-.. oth 
rec'll reman tR In mechanical construction of a recording systom. For long, re 
cording* on tape, suitable reels enl a rewinding tnecht ilea are necessary T! 
also applies to long recordings on wire, but In this caso 1» rel-winding de*di ; 
to prevent lunching of the wir- on the reels must bo r-ovldol, -'or race: ding 
of a few seconds or less a continuous loop of tape o- wire my bo formed and 
passed over a series of pulloys; a Hoc of magnetic material might also be ure ; 

Since slight variations In the contact bet-eon the recording mediur 
and the recording and playback nsads will cause considerable variation in 
amplitude of the ranroducod signal, the medium must o guide! so that the •• 
do not occur . Equally lmportonfor good high freou ncy re jpens" is proper 
alignment of the record , ng and playback gaps. Both .#oe should make the te.mi 
a-'qle with the direction of tape motion. Since for high frequencies the 
length on the tape approaches the order of me.giltube n. thi tar width, a, 
difference in th«se angles will cause a substanti.-l ons in output. The 
' lfflculty of maintaining this .’.djustnent in commercial eouirment orevnn * 
the us" of vide cores to increa.ui the signal level from the playback head 
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Experimental Magnetic Kecordlng Sycte m 

The general >atures of the recording system designed for expert 
mental purposes in the Center of Analysts laboratory are shown in Figs 9 
and 10... The base and front are of l/4" aluminum and of standard panel width 
for mounting In u rack- The pulleys shown will accommodate loops of tape 
from 54P to 60" long and up to l,4‘‘vide, • A brass ldl- • -nil iy maintains 

tension in the tare. The mounting plates for the herds may op tilted in <• 

direction by thumbscrew adjustment. They also may hr .-nlsed and lowered ' d 
rotated about an axis perpendicular to the taoe, This flexibility In the i".m . 
mounting allows different sizes und types of heads to be adapted to the ma-hle 
The drive shaft is mounted on hr 11 bearings with the drive pulley on the front 
and a brass flywheel behind the panel,. The drlvo pu loy in turnod by friction 

between the flywheel rim and a rubber-tired wheel on the motor shaft. The 

motor is a 1/125 HP d-c motor with split field windings. To obtain an ad ju? 1 
speed over a vide rangr by field control, the field windings are connected in 
parallel to a 220-volt line through suitable rheostats and the armature is 
sun 'lied from a 110-volt lino. There are two rubber wheels on the motor o' ft 
so that two ranges of speed can be obtrtaed by shifting the motor to ongm a >n 
or the other vheel with th* flywheel- By this arrangement the speed may b 
adjusted from about 3„6"/nec to 8"/sec and frem ll"/rec to F> M /eac The tret 
controls and an on-off switch, as well as input and ou’uut plugs, appear on 
the front panel. 

A schematic diagram of the complete recording system is shown la 
Fig. 11^ The anrolifiei circuits and head construction were changed from t at 
to time, and space does not permit a description of ell the designs tests! 

Those that were used to obtain the curves included in this report, hsrwev r 
will be described. 

The erasing head has a adit ring-type core of 0 C 003" x l/4" HiperaU 
laminations stacked to a thickness of l/8 H , the laminations being perpendicular 
to the radial direction of the core. This core was obtained from a Raytheon 
UX-7350 pulse transfors.er- lhe head has a single winding of 35 turns of Bn. 
wire and a working air gap about 10 ails, wide. At 60 KC this head hat an 
inductanco of 3.2 mh and a Q. of about 5. 

The recording head is also of split ring-tjme construction but ! -. 
made of 0,006" 4-79 Me-Permalloy laminations. In this head the laminations 

are parallel to the radial direction and are stacked to a depth of l/8", mi 
the face of the head l/8" wide an compared with l/4" for the eranlng head 
laminations are shaped 30 that the width of a lamination takers to 1/16" at tho 
working gi.p as shown In FIg. 12. Two winding:) are plnced or each half o r he 
core. The Blgnal winding consists of 26 turns on each h- If or a total of !. 
turns, and the bias winding 150 turn? on each half or a total of 300 turn.: 
Number 28 wire is used for all windings. Since the faces of the cores wore 
ground to a close fit. It Is ect'.mated that the working gap cf tide head in 
less than 0.0005" The bias winding has an inductance of 6,r mh and a Q of 
about 2 at 6C KC. The signal winding has an inductance of 410yuh at 1 KO. 
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The o layback head 1 1 f Erua) 3ev< lopr.ent G "man ■ type 3X-919 
It has f core l/8 B wide of lamin' .lor.? t.aprczi • tel. O 01 fi 1 thick .’nd is i 
in r. molded bale elite holder an-’-atoft la a racpetlc •. l?ld. iht lore l\ 
ring tyre with a vindlng on each hr If. The two h/»i tt wit i their vindl.r 
nynr.*tricel to reduce nicku? from eztrrn-oou>: fields Date- on tho nur.oet ill 
turr.e ol the windings is no'. avAllable, hut the n*»a : -ed iiduttaoce is r‘ 
fit 1 aC . 


As cftn he seen on the diagram of v i.e„ 11 ;’->ur separate amiiif *r 

are used In the complete recording nystoro; lor erne a bin, record!ng, cod 
playback respectively- Circuit d'sgrairs for these rri shn vs in 5, l*-s. 11. I 1 
15, and 16, 

The erasing amplifier, fig. 13, and Mae amplifier, Fig. 14, are 
similar; they consist of an inver'er stage driving t push-pull power armiif. 
stage. The plate loads of these rower stages consl t of tw winding:. of the 
respective he r ds tuned for parallel resonance at 50 KG and coupled to the ml- 
of the tubes through suitable cor.densera. The omal resistance in series wl 
t e bias winding provides a means of measuring bias current. Maximum vr.1v.ob - 
50 ma erasing current and 35 na bile current were rooulrer for the heads iuci 

The recording amplifier, Fig. 15, also consists of an Inverter ;u 
push-pull power amplifier but is coupled to the signal winding of the rec- rd 
head through a transformer. It was designed to provide a oonFtnnt cnrren . o: 

20 ma max. through the winding for constant inout voltage o~er a frequency 
range of 100 to 15,000 cos. The desired constant current characteristic f.i 
obtained by providing a negative fsedbacic voltoge proportional to output ur: 

The playback amolifler, Fig. 16, is a tve-stage R-C coupled aw ill. 1 
having an essentially flnt frocnenoy response from -, 00 to 19,000 me- To or'- 
the appearance of any 50 KC voltage from the erase or bias fleldj in the -.noli 
fler output, a low-pass filter with cutoff at 20 KC was added, flih tbl( H 
the amplifier response at 50 KC is 50 db below that at 18 KC. Its gain at 
1000 cps is 26.3 tiroes or 28,4 db. 

Results of Te s te on Experiment,- -! S ystem . 

With the recording eouioment described a’^ove tests were conducted ■- 
six different recording media to evaluate the performance of the eruipment ,n- 
determlne what factors reculred further investigation to improve hlgh-frecu ■ 
response or resolution of discrete signals representing coded information 
to the present time the data obtained la insufficient to allow conclusive ~t.. ; 
aents to be cade regarding some features of the system and recording necl 
Certain results however are significant. 
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The recording oecin ur i in the teat* ve: e 'll ■> tnpr - ar « <• 
included both powdered mat'-rlele ind solid eLiln, or.n of he 1» -ter b 
In the form of a t> 1 r ting or. * br. is tan. . These ti pua ye: - ■ the foil w: • 



QEdCaiPTIOH 

rm: 

SC 1 USX 

1 

Vtoulloy 

Solid f,et?*L 

Boll labs. 

3. 

Steel 

Solid natal 

('•ut froti a sheet 
found In laboratory 

3 

Brush olated 

Solid net' l 
plated on brass 

Brush Do •elopnent Cc 

4 . 

IP'M 

Pjwd"i- oo- ted on 
cellulose acetate 
fll" - . 

Minn ■ H’t't & Pig. o 

5. 

Brush t>nn.->r 

Powc.-r co- ted on 

Brush tiivalowient Co 



nanar 


fi 

Ryflux 

Powder co - ted on 

oauer 

'milana 5teel Product' Zrs 


Oravln a showing cross sectlr.ral distension? of thorn tanmi and th' magnetic 
set'riffle In thro ire oratentrd In Fig 17 




Hynteresii loop* fir as: of tho Materials ir .taps form for r. 60 c. 
Magnetizing force wero obte Inrd t-y neon of the B-F curve racing eouip- . 
described in the Appendix iron these -urr-s the following values of c<:. ••• 
force and residual flux density ••’re deterainod. 



DESCRIPTIDX 

C0"aClY3 FOBCS 
(OZT ST? DS) 

1. 

Vicalloy 

r*s 

2. 

Steel 

■35 

3. 

Brush ploted 

:is 

4, 

VMM 

MS 

B 

Brush paper 

130 

E. 

Ryflux 

(4 30)- 


• £5: DUAL FLUX D31JS. TY 1 

(gauss) 

500C 

6700 

6000 

750 

700 

'.1400;* 


■ for sank HHT cf vltOO oe -atria Thr rvgnei'c Material ir, t! ; - 
Hyf: ux "Jirte has an ej.ce^tiow.llj- high coercive fore* and th» v* liable 
lting enuionent would not nroduc* sufficient MKP tc nature ie it Fo; th: r 
reason .he figure* :lv"r. above fn- Hyflnx r re not t ‘.» tru* •■a'. u?e of H c nr.r 
B-. but ' re sea‘'wh?.t low-r 
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In Figure 18 shown the complete UyeAreals loon* for these tapes 
all drawn to the game scale. loose curves and the tabulated values of R c and 
Bjj obtained from them are included primarily to a ho- the orcer of magnitude 
Of the -uantities being considered B.C4iso of limitations In the teBt equip 
meat, eourcee of error “xiat which have not been men>ured precisely From 
correlation with '.mown -nlues, however, it in eetiaa!.ed that the errors do 
not exceod 10 percent. 

All of the testa performed on the recording equioaer.t were at s taro 
speed of 8"/sec, which of itself imposed an uooer frequency limit of about 
10,000 ci>8 on the recording,, T°i3 was dene to reduc ? tape veer , reduce 
amplifier design problems, and allow U9e of a lower Men frequency. Neglect.! 

. second order effects, the share ef the frequency reenen'ae curve is a function 
of ‘are wavelength rath»r than act ml frequency. Therefore, teste token at r. 
low speed wpre considered to be indicative of eyater p’rformance at higher 
speeds. • 

A frequency of 50 KC WE9 used both for bias and erasing It was 
observed that for ratios of bine frequency to signal frequency of lees than 
5, modulrtlon effects occurred, ceasing distortion of the output si/yiel-. 

As might be expected, the naxlmur. level of t ie recording signal for 
distortionless record in , varies ••ith different recording media, with bias 
amplitude, and with recording frequoncy. In the tost3 to be described the 
recording signal leva! was kept sufficiently low to avoid sfrioue distortion 
from any of those causes 
• 

Comoarltive response curves for the air recordi-g media vitfa rporox- 
imately .heir normal values of bia.o current are shown in FI, , 19. The generr 
shape of each curve corresponds to the typical resnoue of Tig 6 The outpu'. 
levels at low frequencies to a fi-st approximation err the oonr--n.tlvr signal 
levels that can be expected from the different media It ern be seen tfc 
is a direct relationship betweon these levels and th- respective values of 1 
orevious'.y tabulated- The curvi for Brueh plated tame doe* not ehev thio 
directly since it is c. narrow tape hewing a width roughly 1/10 that of t t 
recording oath on the other tapes*, However, since t ' signal-to-n el 3C levr. 1 . 
is an roximately the same for all media this dlffe*-»r.co in output level at 
frequencies can be comoensated fo- by proper amplif or* Therefore, it ir th 
frequency or more acc- rately th’ wavelength at whic* maximum response ccrurr 
the slooa of thd response curve for high frequencies t.b* t indicate the m?rl 
of the recording ayetern* 

Ae has beer, pointed out previously, ilemngret'■ f tlon !n the tare ’nr 
leakage flux at the recording heed are principal fact’rc causing the decrease 
response at short wavelengthsSince the demagnetisation iictor depends on 
the Bp ratio, as would bo expected there Ip a corr lation between the freon? 
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at which m-xlmua response occurs in fir.' J9 and the shape if the ! curves 
of FI*. 18. The steel taT>e hna the highest Bq rat * »nd . rwoat maxi bub- 

response frequency, while the ll». tape has the love t 3g *atio and highest 
maximum-response frequency, 

The -aagnitude of the drop in high-frequency resion’e cAuued by 
leakage flux at the recording head Is not evident f •or the resnonse curves 
of i'lg. 19,. However, the effect of this factor is Illustrated in Pig. £0 
and 21, which -re response curves for two recording media 'ir different 
values of bias current. For the higher values of h no current, or recording 
MMF, the maximum-response freq.iency is lowered and .he reeucnca curve falls 
more ran idly with increasing signal frequency 

Some Informstlon on th- variation in frequency resJinfo with chngec 
in hips frequency was also obtained. The test:’ which were r-.de chow only a 
comparison between bias frequencies of 50 KC and 14 it" where the rafiiti l.er. 
of the reepective biae current 1 .' were adjusted to give eounl outputs fir low 
signal frequencies. Figure 22 shows th 1 results fo the Brush plated 1. o 
and the KMl tape which ere typical of the results from nil 'of th” au'n t 
slightly higher nutrut wno obtained for 3hort wavel ;ths signals with ,u o 
higher bias frequency than with the lower bias froq ency. The reason for 
this is not know,; whether it is e function of £he skin effect in the tana, 
the leakage flux distribution in the recording head, or the mechanism of the 
recording process as dlfcuosad on pages 7 and 9 mua bo dei»rr.ined by fnrihev 
experimentation, 

Heconmenda tlma for Further Hxr -ri mental Work, 

The test results th* t have beer, discussed i; the preceding po digraphs 
point out a lack of Information about several facto -n In til” recordin', proce - 
and suggert some changes in oouirnent design for studying jtorag? et iodi 
The most obvious fault is excessive leakage flux about the working gro of the 
recording head. A core material such as pernandur which fc’i a very high 
saturation flux density should be tried, and the ti s if the cor” night be 
shaped so th 1 t they contact the tn ">« only at the ga This would give a sorv - 

what longer path for the unwar. .nd leakage flux Th' effect of grinding and 
polishing after heat treatment on the permeability of the ctre tins is not 
known, so a means for accurate determinetlon of flu dlstr.button around ho 
recording gao would be very bonefislal in the design ar.d construction of 
recording heads. 

Since the speed at which information may be recorded on and read fro;- 
a magnetic storage medium depends on the speed at which the medium is moving 
teats should be conducted to determine the practi :a limit on operating speeds 
and the results of recording at such sre-ode It la estimat'd that these mod 
might be of the order of ma.nltudo of 100 ft/iec, Such hi ,*h foo.'ds would ro 
a redesign of the erasing- head as well ns tho recording an I playback leads, i. 
these gnoers an erasing frequ'-icy th't exceeds tho * l,'best the t '‘uld be >•? 
corded would not have sufficient penetration for coi olete erasing Fur this 
reason, erasing or daiaagnetlxatlon of the medium world hnv to ho accomplished 
by a low-frequency decaying field ouch 83 would be obtained by passing tho wlr • 
or tape through the center of an air-cored coll,, For high speed operation, 
of coures, the recording and playback henda must be designed lor the high 
frequencies or short nulses which would be used 
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Circulto for supplying an- reading the cods] infon .1 on • V? 
stored should bo built for •!«» with th- record ig s/et-m >1 hoti,-’- 11 
info-mo Mon is ay,liable on techniques of recording pulse jlgnr.lo 1: 
reasonable to estume th" t the length of i recorded ••u'.se oo the aedlt r. 
not exceed that required for recording the minimum uumbor of cycles of 
einusoiilal signal that would ezclte a tuned circuit la tir rendiar eer: 
for the latter type of signal- This la aoetioing th>t nlnr oidal signol 
two dlff ront fraouencles would ho used to reproaen', the t o binary dl^l •• 
and tha. the reading equipment would contain filter circuits 'or sapor ' 
the two frequencies. In the field of carrier telegraphy It has beer. f~ 'c 

that at leaBt E cycles of a sinusoidal slgn.ol arc rsnulred for such acl > t!on 
The use of pulse signals, therefore, should not result in a loos of rec-i-a’. 
cauaci-y, while It allows the recording and reading circuits to br of h eh 
slmoler design. The use of a high-frequency Mas signal Jr. nulse race- 
would he unnecessary since a linear character!otic Is not required, to* • r. 
the results of recording with different hies frequeiclee, c s shown ir 
Indicate that tha effect on pulse amplitude of usings, bi' ■ signal sfcei 1 f 
Investigated. 

On a fie; recording median such as a fane or disk * t in tns»'K' 
obtain more then one recording tr - ck, In electronic computer arml ir- t' .in 
the additional tracks might be ut! Tired fo- synchro i: Ing • igr.nl f or fr ■ 
recording additional Information whl'h Is not required to ie r«j;.d incei -r 
an tlv o»" that on th" nr. rail el tracks. An e »tl;wte o: th" 1th art • r- ••• .: 
of such tracks may be obt> ined from ante on the Brush Develop »rt Corn' .-■ 
rtisk-tyie recorder. Using a powdor-co->ted uaoer dl:k, It producen a ■ 
treck 0,01-1" wide anc; aeacine between tracks of C-Cll", of th- enuiv*l~ 

40 tracks per inch- Heads with thin cores are used for ol <a Is in : th<-p: 
narrow tracks, 

The nroblerpof markin'. the location of specific ir .ora*Mon r-ec 
on a ma.uietlc medium and of posit oning the medium for ret ,v»l of th. t 
nation reoulre sere.r* te study Multl-cl annol recot in,, oi - fl-t :■ h 

certain advent-. ee orer single-channel recording ir tnsoo QBf)cct , 'one 

of thee* a damn te vs are. (l) / s--*’sirr.to channel ml, ht be t - d for ayr o! ■ < 

and parting signals; (2) Information might be group -d on »<>ctlor.e of t. to 

thus reducing the time required to position the ta:e for playback; () too - 
might bi done in opposite directions on adjacent c! ur.nele n’avold l-»r 
in rewinding or (4) tiuccesslvr signals might r.e recorded ru separate ct ■ • 
to allow recording r.t a higher Pulse repot'tion rato, for f.-mwnle with ;'oi,- 
channels, nuleos 1, S, 9, 1? etc. would be recorded on ore channel, rv.i • ■ 

2, P, 10, 14, etc., would be r-'cO’-ded on another chaanol, t al-on r?, • t 

etc, wo iid be recorded on a third, and rula-SB 4, H, if, If, »tc-. g • 

recorded on tho fourth channel. The s lid cMal tones n- ovidlng never 
channel? rlso ore stronger thro . .re media so oulr be de> rable where r- ■< 

nosltlo.ilin of the medium places considerable, ntresr upon ' 
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The nroXu'-m of n^nltor '.nc th» r«-eeri.ln,'' ne<! .ut is -no of n i-Mn .*i 
!«»!(» *s well as electrical con' el. The solution si'-y lie In a suitafr * 
annlicM Ion of s-rvomochnni-jm irinciplon or in the con* trust ion of a satis¬ 
factory syotea of clutches to >\v:«ge the tere or wire pytstea with ' rot'tic 
drive slaft as daairod. 


Vritten b7_ 
/ororcved by 



I 
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B-i: Curv e tracer 

To provide a means for r. npar .nR h-at-msis looPr of various 
magnetic recording tunes squinsisnt for tr£.eing 3 urrt o; a c. • 2 

ray oscllloscooo »-aa dovelorie'. It 001 if a ,»z‘ •soled Id 

wound on a cylindrical tub' v-.lc . will allow insertijr. of a pickup col 
down the center of tii" tub.', .nd suitable circuits ) give she de-.lrvd 
horizontal and vertical deflections on the c'.vtoe v oac 11 >scor "5 
A diagram of the op finalizing coil Is shown In Pig 1 "9 rickuo col' 

Is wouad on a slotted faro so that n length a 1 ’ th ■ t >» t: b- tested ; 
easily be threaded through It Vhen in notlt.on for mnki s sdats • he 
the nickup coil la n>ved to tie center of the ■egnstlzlnr’ co l .’.a .ho 
tape otajog through both coils 

The theory of the .'Oeration of the *qul-rno it -a ns follows -V 
60-eye 1 e sinusoidal mnsnetieing force in generate In tl Taegnetizln/; 
coil by oessln/' 60 c.-cl® curr-at through iti windin'- l! ice the at , ;n.- 
izing force is proportional to the current fl dig she v Hu ge droi 
across a resistance in serle- with the col? is pro o rtion il :.o H ;ao 

car be used to .live the horizontal deD action on t .1 CR0. Fur the retire 

the voltage induced in the oikv. coil in promrti n ’ to the rita f 

cher.ge of flux through It. so th integral of thin v lt ’ is oro--ortd or.'1 

to the flux through the nickui coll. If tils flux v*re rslrol/ witnin 
the tars, then tale lntegrut roltrge would also be nroi -rtionnl to the 
decirec vnlue of flux dent sy p and conic, be use give she vc-rtic 
deflection on the CF.O. The ickup coll u*>H howe-er ne'-snar‘.1 . had a 

cro s-tectional aroa several tines that of a tane, e- th the nc . 

in the tane is only . frec 1 :-. c the total flux t'.rou'h .he coil -or 

this reason a second pickup coll stellar t the ft-.it bit .'1 .hout r ! t 

was nleced beside tha slotted coil in the mogui-tli' n fil ’ d. By conne tin 
the two pickup coils in a auitable balE-iclr.g circuit, i r sui.tnnt volu gs 

proportional to th« Xu* through the tape alone i. ••5ril, Tho Ir L.? • 1 

of thi* voltage, then, is nro ortional to the -lux densit In the taoe, 

Sines the cross Eeutioaal area of tho aagn. tic rr ' • rial In ‘ he 
tape i' not tha same for a.l ••ipas, the circuit mu t h- lanced for s c.) 
measurement- To arc .mpllsh tula a calibrating col was e bo mounted wits 
' the nick-uo coils, "his call nr* ling coil was constricted to produce a 
voltage eoual to that generat'd in tho slot ted nichuo coil if it had a 
cross-rection of l/4“ it 0,002’, or the dimnsione of "a a.-trage tape 
Calibretion thus con lists of ed.xrtinfi th« output of tho lcirup ccil<> \r be 
the oronsr fraction of the vo . ta, e from the cr.libr t' coil thin fracl 

being cetermlned by the ratio of the tc e area to v. ■ ■”'( igc arc- of 

C„0CO5 aq in. The construction of the conrol- tr Ti'c.-rop coll nsaonbly .9 
shown In Fig, 34, 

Circuit diagrams o r the nfirollfiers used wl‘:h the H curve traci-.g 
eqrinmst*ore shown in Figures 25 end 26., 'J'ho fl~ncrlifler (Fig. "5) consist* 
of a single stage with a phase-shift control# It 1 > a r'la of 9.. Th" 
B-anplifier (fig- 26) cont/iln' r. two-sta/’e nrer.mp'1 Her an R-C Intiv-at 
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circuit, and a three-sing" final am liiirr. -lien measure - «nts e.r* b*ir.g 
tr'/en on solid m»tal Tones having a Mg > flux dens'-ty, Ih or»nml if It 
is not re< ulred and :ry bo s' : tched out. The near. '>( vn ms of ,voln at 
6C cpg to an for th • preamplifier, l/lSS for the Integrator, and 3680 
for the final am-lliier, or an ov-'mll gain of °92,0. Tho requi—mpnia 
of high gain and zto ohase shift ov»r n bnnd of frequencies ceceneiteteu 
careful design of the amplifiers. Compensating circuits and negative 
feedback were used to obtain 'he required chase cht racter stlc* It was 
found necessary to U'o n d-c illamont v>ltnf:e because even scall amounts 
of nlcitut) from e 60-cycle filament current caused objectionable distortion 
in the curves traced on tne C J, 

The procodure foi making a hysteresis- loop measurement and deter¬ 
mining the scale factors xs as followe: A schematic diag-am of tho ooulo- 

ment is shown in Pig- 27. The pickup coil assembly without th« t*pe sample 

is positioned at the center of the magnetizing coil and the switches are 

adjusted that the outnut of the calibrating coll apnea--o as the vertical 

deflection on the C'lU. This reflection is odjuetet -.0 a convenient value by 
means of the gain control on the C30, "he calibrate s«itc v is then thrown 
to Its "test" position and th* balance control adjusted un.il the verticil 
deflect'ou Is the proper fraction of thr t observed for the’'calibrate'' cocition 
this fraction being determiner from the cross-sectional area of the magnet!- 
material in th» tame ip the svnncr previously described '’he phase control 
is now adjusted so tlxt the trace on th* CRO is a single ■ .raight line. IT-rr. 
the tame to bp tested is inserted into .he pickup coll. It should ho long 
enough 30 that it extends a few inches beyond either end r:‘ the magneti sir- 
coil . Suitable adjustment of the gain controls gives the desired B-H curve 
for the tape. 

The horizontal scale factor for the B-H curve obtr- ned i.a deteroir. 
in the following mapper. The output of the calibre-cins Crtl is measure: th 

a voltmeter for the same Bjugnetlzing current a« ussu in the test. ThiB 
voltage. e c , in 

„ dB _ a 

e c * C x 1C " M^c Uf w coe CX r. 10 b 

dt (1; 

where K c is the numb r of turns on the calibrating roil, t c 13 t.he cross 
sectional area of this coll, r:id B cn is the maximum value of flux density 
in it. Solving for B om and substituting constant values gives 

®cm - .1.9 x 10 4 E c (2) 

whom E c is the r.ra-8 valuo of e c . 

The magnetizing force, H. is numerically equal to f, so 1; it th - perl- 
nealc horizontal defloc-lon, tho doeired sop e focto for ' o abclssa. 
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S ? 3.9 x 10* K c a 7.9 X If/-_oersteds ner 

djj /3 dj; unit distance 

To determine the vnrtlr-al scale factor, the nank-to-oe&k horizont 
and vertical deflections of the B-H curve are observed. The horizontal 
deflection should he the sane .is th"t for vhlch E c -38 measured. Then th- 
mngn"tizing forco Is removed and a 60 cns *oltr_;o from an ocelllntjr or a 
potentiometer T>lnced across th> newer line Is anpli ->d to the amplifier IbouI 
The magnitude of the voltage required to produce o -erttcal deflection to i 
to the horizontal deflection observed for the B-H crrve Is 'ensured wit: a 
voltmeter. Let the r i,s. val is of this voltage V V, 


It ie evident th-t If this val ie of V ia equal to E- then the vertical ocnl" 
factor, S , for a tare of average cross-sectional a-ea is the same an the 
horizontal scale factor or 


4 

: 7 j 7.8 j 10 E c •au’=s t, s per unit distance 

ST 

For v not equal to S r , Sy is clanged in the ratio o 4 '_V_ 

Sc 

Sy - 7.8 x 10 4 ff. x V - 7 8 x 10* V 

d H d H 


BO 


gausses per (f) 
unit distance 


However, since E 0> and hence T, depends on ah- tote.. effective flux thr-v 
tho oici-tup coils and not on ths flux density alone, -.he factor relating 
the cr jt-s-sectlonal O’w of the tans, A™, to the av -rsge area A A , which 
was used in the balancing ste" must he Included in the exr o9slon for S\* 
Therefore the complete expression for the vortical icale factor is 

3,- - 7.8 x 10 4 a a V eauoses e'r uni - distance 

*r " 35 “ 

Ir the operation of thlp eouln-ent cert-In Imitations were not»d 
•-•hich m*ght he removed by e clv-ng* In design. The iort objectionable defect 
Is the tendency fnr th" CRO trace to drift no end divn on the face ol the 
tube ’.’h"n tares renul-lng a low v"rtic"l r a l® settlnr. art bains te?te< , 
this drifting 1« slow and of «m» 1‘ H'vnltudn, hut w.th hli vertical gnln 
settln/'e It It mnld and of considerable amplitude, Thle ,'uraoln.<r Is cause 
hy fluctuations In the surely rollers which produce e-ur’m «imnls at * 
nlate of the first tube. These signals -re passed >n to -ucceedinr ,t ?r-, 
hy the hlgo-time-constant coupline networks V r«gil»ted i c nuo ly an'’ 
extremely stable d-c supply woul’ be reoulred to el‘.mine to thl* drlftln. 

The oresence of harmonlcn In the 60-cycle rr'guotislng current also 
Is objectionable. These harmonics chanre the shnoe of the 3-ff curve an: 1 
result In an lncorr"Ct B-H cu"vc -lensurrrten;. 
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Tot tests on tares with snail cro3e-Bection' , .l nr^sr , an additions? 
calibrating coil corresponding to a smaller area than t*e one describe! 
would provide nore accurate bolnnce .”d,lU3tnonts. 

Th» use of a higher-.re^u^ncy magnetizing current would bo very 
desirable'in many renoects. In o^rticular it would rcrait simpler 
amplifier design, require leso anplification, and reduce the tendency 
for the pnt'em on th“ oscilloscope screen to drift The <!00 cycle pov r 
available in the laboratory was ruled out, however, bectvure of its high 
harmonic content. 

✓ 
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Material 

Mo-Perowlly 


Vanadium 
P"rnendur 


Hipere!!* 


Vlcalloy 


Brush nlr. i«d 
Tane 

Brush Paoer 
Tare 


- 4 * 




des criptio n < ’ hatmals 


Comnositton 

i’rooartlnc 

3nn-ce 

Fe, 16.4*6 

Si, 79 <X 

Mo, 4.0“> 

Mn. 0.6? 

A' . 5:2.000 
*u. 72,000 

B(j, 6,000 rneerea 

H„, 0.05 oersted 
p , 65Aohm/cm 

Saturation lux 
donelty, 850C gaursee 

H; 8teresi8 loss at 
obturation 200 ergs/cc 

A,3ffh»ny 2nd? 
Steel Coro 
Bmckenridge ' 

Mr.William S 
Electrical 3s 

Fa. 49 O', 

Co. 49.0? 

V , 2.0? 

i. eoo 

,n. '300 

Bp, 14,000 gausses 

R c , 2.0 oersteds 

P , 26 jc ohn/cn 

Srtur-itlon flux 
density, 24,000 gausses 
Hysteresis loss at 
saturation, 6X0 ergs/cc 

(Same as for 
Mo-Permalloy, 

Fe, 96-97^ 

SI, 3-4 < 

Bp, 1",400 gausses 

EL, 2 oersteds lannrox) 

! , £0 H. ohm/era 

Saturation flux 
density, 20,000 gausses 
Hysteresis loss at 
saturation, 5X0 ergs/cc 

(Hone of thi 
material was 
rurchase 

Va, 6-10* 

Co, 36-62* 

Fe, 30-52? 

H f , 200-490 oersteds 

Bp, 5000-9600 gausses 

Weet^rn Elec 

If 5 Broadway ' 

Mr. 0. ° iron' : 
Coordinate rf 
College Hel lr 

SI; S)" i " ,n * 

H c , 200 oersteds 

Bp, 2900-10,000 gausses 

Brush lev'l tt 
7406 Perltins i.\ 
Cleveland di‘ - 

Powdered magnetite 
coeting. uarticlo 
clamoters less 
than 1 micron 

H c , \90-20° o»r;teds 

Btj, 400-70° gausses 

(same as fe P “ r 
Plated tore) 
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Hyflux Tape 

MMM Tapp 




Pl (r'P . t> 


Composition 

Properties 

Source.. 

Metallic powder 

H c , 300-550 oersteds 

Mr. John P ' 1 ; 

coating, cosmos 

3jj, 600-1500 gausses 

The Indl- nn 

ltion unknown, 


Products Co- 

particle dia¬ 


59 l or!; Sci ’!■ 

meters leas thAn 


Bouton Mass 

1 micron. 




Powder coating, 

H c , 350 oersteds 

Mr. Mcf.nlght 

composition 

B Ri ?50 gausses 

Minnesota Mining 

unknown. 


Mfg, Co* 



51 Sleeper strep 



Boston, "ass 


Manufacturing process produces orientation of crystals eo 
that there Is a preferred direction of magnetization in 
the material. Therefore the material must be used eo that 
the flux oath le In this preferred direction. 
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FIG.aa . VARIATION OF FREQUENCY RESPONSE OF RECORDING 
MEDIA WITH CHANGE IN BIAS FREQUENCY. 
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Project Whirlwind 
Servomechanlsmo Laboratory 
Massachusett» Institute of Technology 
Cambridge, Haaeachuaetts 


SUBJECT- FHOrUSfiD PROGRAM FOR IHVASTIGATlCM US MA0BA111C RKCCRDI NG 
To; Jay W. Forrester, R. H Rvsrett, H Fahnestock, and H R Boyd 

From, S. filch 

Bate; September 26, 1947 


The following program la proposed for experimental investigation of 
magnetic recording for application to the Whirlwind Computerc 

.-JU-f.RIKkRIAL S&T-UP 

aj Recording Koulpmant . The recording equlpmsnt should cone!at of 
apparatus for driving a continuous-loop of the recording medium at linear speeds 
up to about 10 ft/eec. A system of pulleys mounted on a ponol would be adequate 
for this purpose. A constant speed motor could be used and the j&rloua speeds 
could be obtained by changing the amount of epeud reduction between the motor and 
the drive pulley. The pulleys would he made to accommodate either wire or flat 
tape up to 1/4" in width. The Initial experiments 'would oe made ou a povdor-contoi 
tape since such tape is easy to handle and readily availsole at low coot and ev 
bead designs and recording methods that are satisfactory for coated tape would be 
suitable for any other tape material The heads wuuld be designed so that narrow 
channelo may be recorded, and provision would be made for mounting a maximum of 
three of each type of head on the panel In such a way that the spacing between 
channels may be adjusted. 

b. Recording-Signal Generator . The recording”signal generator should 
be capable of producing either a series of pulses of ll*e polarity or a eorles of 
pulses of alternating polarity. It should be possible to vary the pulse length nnl 
the spacing between pulses Independently. The variation In pulse length should fct 
approximately from l^e to 50|aa, and the variation In repetition frequency should ‘ 
from about 600 pps to 200.000 pps- 

Co Playback Aqu foment For reproducing the recorded nlgoals a high , 
video amplifier for each recording channel will be necessary These should have a 
band width of approximately one megacycle. An oscilloscope or a synchroscope would 
be used to observe the reproduced pulnes. 


I 
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d„ Erasing Signal . Erasing will be ecoompllahed by e high frequency 
al.jnnl probably In the range from 10 kc to 60 kc A variable-frequency oeclllato 
and power amplifier* will be required to drive the erasing honcls 

jpflm'OgfiD 

aa Design and Testing of Heade . In goneral, the do sign cf the heads 
would be similar to the ring-typo heads used in commercial sound recording equip¬ 
ment. However an effort should be made to keep them as email aa possible and to 
deelgn the windings for satisfactory operation with short pulses Thin cores 
Bust be used to produce narrow recording channels. 

To obtain reliable information from the recording system It will be 
necessary to determine the charaoterlsties of the heads. The x-ecordlng head ahould 
produce changes In flux at the recording gap which will correspond to the pulses 
to bo recorded. The waveform of this recording flux could be observed by piecing 
a small pickup coll around the recording gap and observing the waveform of the 
voltage produced after it ha* been suitably amplified end integrated. 

The playback head must satisfactorily respond to the most rapid 
change of flux across the pickup gap that will occur. To determine the perferraan. > 
sf the playback bead its frequency response could be measured by applying a 
sinusoidal signal of constant amplitude to a sm/ill coil vound over the pickup gap 
and measuring the output of the head as a function of frequency. 

The eraaing head can beet be tested by observing its performance 
in a corplete recording system It would be desirable to meamro the field ctiongth 
and distribution about the working gaps of both the erasing head and the recording- 
head but no means for doing this is evident. 

be kulge BscortU n p.. In a discussion with Mr Everett, It was agreed 
that the following questions have to be answered before further decisions on the 
use of magnetic recording for computers can be uado, 

(1) How many pulses can be recorded per unit length of a 
recording channel! 

(2) How cloeely can channels be spaced with separate erasing 
of each channel! 

(3) How far does the erasing field extend along e channel, l e 
can It be localised for the erasing of a single word! 

The number of pulses that can be recorded per unit length of a 
channel Is a function of the recording pulse length and amplitude, the recording 
gap length, and possibly the tape speed Tho Influence of each of the bo paronete 
should bo investigated to determine the optimum amplitude and length for the 
recording pul bo a 
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The problem of obtaining satisfactory erasing of a localized 
portion of a recording medium Is probably one of erasing bead de.?_gn. It would 
be expected that a thin oore and a short air gap would confine tlio erasing field 
to a small area as in the case of the recording head, but the effect of n larger 
leatogo field that would be causod by the higher signal level required for eitsin 
Is unknovn. 


flAYhACK HEAD /OH HEADING AT U)W ','Afk d rkJOiS 

Since a minimum tape speed of a few inches per second Ij necessary to 
develop e ueeable voltage in the playback head, pome means of repo ng a tape 
independently of epood would be desirable In particular cuch r .teane would per¬ 
mit reading directly into a printer and also would mako it possible to use recon 
signals for servo positioning of the tape. To the knowledge of ole writer such 
heads have not been developed but the following design might be practical. Con¬ 
struct a core of a single lamlnr tlon in the form of a ring having p. alnglo air 
gap at the point of contact with the tape, tflle a portion of the core opposite L ha 
air gap so that it has a smaller cross-sectional area than the rent of the core 
Hlace a winding on each side of the air gap arc the filed portion, and apply a 
small sinusoidal signal to one winding Tho second winding la connected In such 
way that the output voltage to be used is tho difference between -he applied veil 
and that induced In the second winding The number of turns on the windings are 
adjusted so that this output voltage is zero when e daitagnetIzed portion of tape 
Is over the air gap. However, when a magnetized portion of tape is over thlc gap 
a steady flux ie set up in the core causing a change In the reluctance of thw 
magnetic circuit, particularly gf the filed portion, aud hence a change in the 
voltage Induced in the second winding, The output voltage then would be dlfl'ere>. 
from zero and would indicate the jreoence jf a rocordec signal nt the air gap 

The success of a head design like that Jupt described vculd depond on 
obtaining tho required change of reluctance for the very ouall values of flux 
producod by the tape signals The oore material of oourr.e, should show a largo 
change In incremental permeability for a small change in the direct component of 
MWf applied to It* It would be ocsslble to add a small iirect current to tho n- : 
signal applied to the first winding and thus bias the head to a point on its 13 H 
curve whe re the greatest change of reluctance will occi r This not only vouM 
increase the sensitivity but also would permit detection of poaitivo as 'well j 
negative polarity signals The polarity of the rocordt' signals would bo ni l f 
by the relative phase of tho input and tho output voltr •> u of '.he bead 

A playback head operating on the principle tv tlined above probably 
could no - ; be used at high tapo speeds when short pulses have been recorded 
such a case, a correspondingly high frequency would be required for exciting 
playback head* That Is, a few cycles of the exciting t Ignal should occur dui i:t 
the playback pulse Since the incremental permeability of a tngnetlc material 


I 
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decretueo v 1th lncreaelng frequency, .t probabl, would be lnpt iai to obtain 
the required change In reluctance In the head :’oi exciting al< &1 lavln: 
frequency of more than a few thou:..in* cycle? per oeoonc However if It 1 b 
assumed t.xat the exciting frequency la 1800 epe end that 3 cyclee .rcur luring 
each playback pulse, the output pulse length would bo £ 6 .all! .v oado . This 
would corre 3pond to a repetition rato of 200 ope if the apactr»: between ‘Ulneo 
Is cade equal tc the pulte length. I’his typo of head, then, vcul '. be eatlefactor. 
for reading* Into a printer while a conventioa/U. type bend could .a uood for b >• 
■peed reed lug Into the computer 


Signed._ 

16, 


£ JIZ -JL 

S ilch 


iSM.vh 


l 
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Project Whirlwind 
Servomechanisms Laboratory 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 


SUBJECT: OUTPUT TYPEWRITER - PRINT?.?. UNIT FOB WSIFI.WIKD I 
To: J. W. Forrester 

From! R. R, Everett 

Date: November 13, 1947 

The Information In ihlB memorandom hae been prepared hur¬ 
riedly end le for discussion Turpoeee oi.ly. 

1. There are three kinds of output data from the computer: 

A. Craphlcal 

This le the most efficient way of pres ntlng large quantities 
of date for human undorst ndliig, The results of most sclei tlf i cal¬ 
culations will appear In this form, 

3. Physical 

The use of the computer In simulation and control problems 
will require converting the numorlcal outputs of the laechine to physical 
quantities. The graphical outputs mentioned above could be con.ldered 
a form of physical output In which the motion of the oysical member 
5.s recorded in some faehlon. 

C. Numerical 

The bulk of the numrlcal output cf the machine will \e for 
lte own use or the use of other enuiv-^lent machines at some later time 
This numerical data should therefore be left in the fora undere andable 
to the machine, that Is, in binary notation and on film. Some numerical 
outputs will be reruired, however, which can be understood by human 
beings. This Information should be in decimal form and careful y ar¬ 
ranged for easy comprehension. A printer should be available which oen 
not only print the doclaal numbers but arrange them In columns along 
with such punctuation and alphabetic notes ms may bo r.acesP’ry. Re¬ 
production can be accomplished photographically directly from t’ e printed 
pace. It is Important that no human copying be reouired. The mount 
of such data to be printed will vary widely according to the problems 
being coraput' Tt would te very small in simulation and control pro¬ 
blems and probably In most problems of physical Investigation. In 
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problems requiring the preparation of tablet, euch aa in logistics and 
census work, the anount of Information to be printed may be very large. 

2. It is possible to devise high speed automatic decimal film printers 
which could record vry large quantities of information. These printers 
would become vrry complicated if alphabetic date were added to the re¬ 
quirements. In view of the typo of problems proposed for Whirlwind I 

it does not seem worthwhile to ongarre in a development prorram for a 
high speed printer at this time. Instead acme already available auto¬ 
matic typewriter or teletype printer will probably ho used. 

This printer will not operate directly from the mechlne but 
rather from one of the machine*a output films. It seems likely at this 
time that the printer will operate from binary coded decimal data on 
the film, the conversion from binary to decimal having been accomplished 
in the arithmetic element of thu computer Itself. It may later be ds- 
sirable to build automatic conversion equipment for the printer itself, 
so that the computer can put ouo binary data only. Since the printer 
works from film and is entirely separate from the computer, its opera¬ 
tion rate will not slow up tho tain computer unless the everage prirtlng 
rate required is very high. It is always possible to use several printers 
if the printing rate becomes too high. The printer should be able to 
understand alphabetic, punctuation, and spacing information stored on 
the film. Some of the extra film channels con be used to indicate these 
processes. It would be very deilrablu if the printer could be enulped 
with some automatic checking orocariuro which could determine the actual 
character printed and compare 1 with tho data on the film. 

3. The complete Instructions a i to 6paclngn and alphabetic notes to 
be printed could be put on the output film by the computer which could 
transfer this information from the lr.out film. Another possibility is 
to provide a separate film re id ir or paper tape reader which would have 
the specific purpose of instructing the printer. Since the printing 
seouence is probably cyclic, this separate tepe could probably be short. 
Paper tape might bo more satisfactory if it reoulred a slraoler reader 
than the film and were already available. It would still be neceerpry 

'. provide code marks on the film for special instructions. Prlntlrg 
Instructions could be pi ced on the computer Input film or the printer 
instruction tape at the 3ame time that the entire problem Is set up. 



H. R. iverett 







